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PREFACE 


The object of this book is to furnish repair men and armature winders 
with practical step-by-step instructions on the laying out of coils for 
induction motor windings and connecting the ends of the groups of these 
coils in proper sequence of phase and pole groups for different types of 
windings used in motors of from 2- to 24-poles, 2- and 3-phase. The 
information presented can also be used when reconnecting the coil groups 
to satisfy changes in voltage, changes for operation on circuits of different 
number of phases, different frequencies or changes in speed of a motor. | 

Although sets of diagrams are available showing the theoretiesd 
layouts of coils in an induction motor with the required number of groups 
and connections for a balanced winding, the winder is required, when 
using such diagrams, to spend considerable time in studying out the 
connections for ends of pole-phase groups of coils before he can proceed 
with a connecting job and in most cases he finds it necessary to draw up a 
new diagram to represent the particular winding he is working on. In all 
of the diagrams of this book, this work has been done for him andeach 
diagram is a practical shop drawing, marked with proper connections for 
the ends of all phase groups of coils so that they can be actually followed 
by the winder when making the connections. In addition, the diagrams 
are accompanied by tables that also give the number of coils in the 
different phase groups and the markings for the ends of these groups 
as indicated on the diagrams, to show the differences in markings for 
the ends of phase groups in different types of windings. 

Repairmen and ‘designers frequently use individual schemes for 
showing the layout and connections of induction motor windings which 
in the main aim to indicate the correct arrangement of pole-phase- 
groups of coils with the jumpers connecting the ends of these groups and 
the connections to the line terminals. The most used forms of these 
diagrams are the developed diagram and the single line diagram. By the 
developed diagram is meant that type which shows all the coils as they 
are put into the slots. Such a diagram may have something of the shape 
of a doughnut, or it may be shown opened up and laid out flat as on a 
table. The single line diagram shows the coil groups as a single line 
with the jumpers and line terminals connected to the ends of these groups. 

In order to make a connection job as easily understood as possible, 
and to provide a uniform basis for the connections of all windings, the 
single line type of diagram is the one used throughout this book, supple- 

Vv 


vi PREFACE 


mented with connecting tables that show for the different types of 
windings all the practical connections possible. A thorough understand- 
ing of the construction of the single line diagram for 2-phase and 3-phase 
windings can be quickly secured by studying Chapters I[Vand V. Chapter 
VI explains how the connecting tables are made up and how they can 
be used to draw up new diagrams, while Chapters I, II and III explain how 
these connecting diagrams and tables are used on a particular job. 

The combination of connecting tables and diagrams to which they 
refer give all the developed type of diagram gives and a great deal that 
such diagrams do not give. After becoming familiar with these single- 
line connecting diagrams and tables much time can be saved through 
their use, for most reconnecting jobs and the connections for new windings 
ean be made directly from the tables since in this book all of the possible 
connections that are used are included. 

It is important to note, as explained in Chapter VI, that the tables 
showing connections for ends of coil groups have been compiled with 
the series winding as the base. All of these tables for top-to-top and 
top-to-bottom connections show the full lettering for the series connection 
only. Then for any parallel connection the lettering and numbering of 
ends of groups is changed only at the points on each group of the parallel 
connection line where a change is made from the standard series group 
lettering. Ditto marks are used to indicate when the series lettering is to 
be used for any other connection. In this way the differences in any two 
or more types of connections can be seen at a glance in the tables and the 
points in the winding where the changes must be made, when converting 
one connection to another. 

It is also important to note that the diagrams and tables are lettered 
to indicate line leads and numbered to indicate jumper connections 
and star points in exactly the order that the winder would proceed when 
doing the job, so that the numbers in the tables show not only the number 
of the jumper used but also the order in which it is connected from the 
connection of the first coil group to the last one. 

The diagrams and connecting tables have stood the test of a number 
of years of use by Mr. Roe and have been developed in such form that 
the average winder will find them easy to follow and to check. In some- 
what different form the diagrams and tables have appeared in articles 
published in Industrial Engineer during 1923. They have now been 
revised and new diagrams and tables included to cover all practical 
connections for 2- to 24-pole, 2- and 3-phase lap windings. These 
diagrams are not intended for the use of designers but as practical shop 
instructions for winders and for repairmen who are called upon to layout 
and connect up new windings or reconnect existing windings for voltage 
and other operating changes. 
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While the diagrams and tables have been carefully checked several 
times, the authors will appreciate the reporting of any errors that are 
found. 

D. H. BRAYMER 
A. C. RoE 


OmanHa, NEB. 
April, 1927 
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REPAIR SHOP DIAGRAMS AND 
CONNECTING TABLES 


CHAPTER I 
HOW TO USE THE CONNECTING DIAGRAMS 


In connecting induction motors the main job revolves ‘around the 
proper grouping of the coils and the connecting of these groups. This 
book will take up these things and discuss the step-by-step details from 
the viewpoint of the shop man who does the work. The complete book 
will cover 2-phase and 3-phase windings having from 2 poles to 24 
poles. This range covers almost all of the cases that will arise in 
practice. The diagrams and the data include both the short jumper and 
the long jumper connections for windings with 4 poles to 12 poles. 
For all the other numbers of poles (from 14 to 24 and also 2 
poles) the information covers only the short jumper. This short 
jumper gives what is called throughout this book a ‘“‘top-to-top’’ connec- 
tion in which the adjacent pole-phase groups are connected together. 
The long jumper gives what is called a ‘“‘top-to-bottom”’ connection in 
which all similar pole-phase groups are connected together, that is, 
every alternate group. This means that all north poles are connected 
in series and from the last north pole a short jumper is used to connect 
to the south poles which are likewise in series. Where the windings 
have 14 poles to 24 poles, a top-to-top connection only is given 
because on larger machines only the short jumper should ordi- 
narily be used. The top-to-bottom jumpers would be quite long and 
awkward to handle. Of course there are a few cases when the long 
jumper is used for such machines. 

On smaller machines the long jumper makes a neater appearing job 
and is easier to connect. Wherever the letters 7-7 appear in these dia- 
grams this means that a top-to-top connection is shown. Likewise the 
letters T-B mean that a top-to-bottom connection is employed. When 
the coils are connected in groups of the proper number, the next step is 
to connect these groups together in the right relation. The diagrams 
and tables shown will enable a winder to make any kind of connection 
that is possible, either series or parallel, for 2 or 3 phases and for 
2 to 24 poles. 
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It will be noticed that the diagrams for the 16, 18, 20, 
22, and 24 poles show only the series connections for any 
winding. The connecting tables, however, corresponding to each 
one of these diagrams, tell how to make the change from the series to 
the parallel windings. The diagrams, it will be noticed, give both top- 
to-top and top-to-bottom, connections for windings having 2 to 12 
poles. For 14 to 24 poles only the top-to-top connection is given. For 
the 3-phase machines both delta and star diagrams are shown. 

How the Diagrams and Connection Tables Are Used.—In order to 
understand the use of the diagrams and connecting tables let us consider 
a 4-pole, 2-phase motor connected top-to-top. The diagram for this 
connection is shown in Fig. 24 and the corresponding table (Table 3) is 
shown also on page 67 with this figure. In this diagram there are 
8 pole-phase groups represented by the eight sectors of the innermost 
circle. Each of these groups has a number as indicated by the figures 
at the center of the groups. At the beginning and the end of each group 
are other numbers. These indicate the numbers of the jumpers. For 
instance, in group 1 the figures A and / appear. This indicates that the 
A lead (one of the line leads) connects to the top of group 1. Throughout 
the diagrams, the top lead is the left-hand end of each group. Likewise, 
the bottom of group 1 is connected by jumper No. 1 to another group. 
This happens to be group No. 3, as may be seen from the diagram. 
(For further details on laying out new diagrams see Chapters IV and V.) 

In the connecting Table 3, these figures which indicate the jumper 
numbers, are put down. As will be seen from the table the numbers 
for the jumpers attached to group | are A and /, to group 2 are B and 2, 
to group 38are3andiandsoon. Likewise, the other connections besides 
the series are shown in this same table. The figures are changed 
only where it is necessary to change the location of jumpers on the 
winding. ; 

It will be seen then, that if we have a 4-pole, 2-phase series motor 
connected top-to-top and we want to reconnect it in 2-parallel top-to-top, 
we must make changes only where the second line in the table differs 
from the first line. There is no change until we reach group 3 where 
it is seen that the top of the group instead of connecting to jumper No. 3 
as before, now connects to As, or the other side of the line on the A phase. 
Likewise, changes are made in the jumpers going to the top leads of 
groups 4, 5 and 6. The tops of these groups were originally connected 
to jumpers 3 and 4. Therefore, to make the change, jumpers 3 and 4 
are cut in half and the top of group 3 is connected to the original A» 
lead. Likewise, the top of group 4 is connected to the original Be lead. 
The other end of No. 3 jumper, which is attached to the top of group 5, is 
connected to the A lead, and the remaining end of No. 4 jumper, which 
is connected to the top of group 6, is now connected to the B lead. 
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Thus this table, and all other similar ones throughout the book, 
show at a glance where a change has to be made when reconnecting. 

How the Tables Are Used to Connect a Rewound Motor.— When 
using the tables to connect a rewound motor a set of tags should be used. 
These tags should be numbered according to the connections indicated in 
the connecting table. For instance, for a 2-parallel, 4-pole, 2-phase, 
top-to-top connection (Fig. 25) there would be two tags each for the 
following figures and letters: Ae, A, Bo, B,1,2,5,and6. After these tags 
are made they may be put on in the following manner. Face the con- 
nection end of the stator and call the left-hand lead of a stubbed-up 
group, the top lead of group No. 1. On this lead put an A tag. Then 
on the bottom or right-hand lead of the same group put a No. 1 tag. 
The next group to the right is called No. 2 and on this group are placed 
the B tag and the 2 tag. Then follow this out according to the figures 
and letters in the connecting table. After all these tags are on, then 
put jumpers between the group ends which have similar numbers, the 
two tags which have No. 1 on them, the two tags which have No. 2 on 
them, etc. Connect all the tags with A to one line lead and with A, to 
the other line in the same phase. Likewise, connect the B phase to the 
tags which have B and Bz. 

When using the top-to-bottom connections the same scheme is carried 
out. In changing from series to 2-parallel the short jumper is cut. 
When odd grouping is used be sure to pick up the groups as indicated 
in the unequal coil grouping charts. 

By Following the Tables It Is Easy to Change from a Star to a Delta 
Connection.—If it is desired to change from a star to a delta connection 
or the reverse, simply follow the tables. As an example, on the series 
star connection for a 4-pole, 3-phase motor, connected top-to-bottom, 
(Fig. 31) a star (*) is shown for the top lead in groups 2, 4 and 6. In 
Table 8, for the delta connections a C’ is shown for the top connection in 
group 2. For the top connection in group 4 is a B and for the top 
eonnection in group 6is A. These are the only places in which the series 
delta connection (Fig. 36) differs from the series star connection (Fig. 31). 
Then to change the connection from series star to series delta, we connect 
the top of group 6 to an A lead, the top of group 2 to a C lead, and 
the top of group 4 to a B lead. This can be done by cutting open the 
ster leads at the star point.and splicing on enough wire to make the 
commectaons to the proper leads. 

These diagrams and connection tables can be used with either a long 
or short type of jumper regardless of how the leads, stars, etc., are brought 
out and mdependently of the direction in which the winding proceeds. 
For example, suppose we have a 6-pole, 3-phase, series star-connected 
motor (Fig. 46) with top-to-top jumpers which we want to change to 2-par- 
allel star. First we consult Table 11 for 6-pole, 3-phase star with top-to- 
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top connections. Finding the 2-Parallel line in this table, we start at 
any lead and pass through three groups of the same phase, A-1, 5-1, 5-*. 
The end of the third group (No. 7) in this same phase will be a star point, 
and the beginning of the fourth group in the same phase (No. 10) A-11, 
will be a line lead (A). Therefore, it is necessary only to take any lead 
to start with and check through three groups of the same phase. Then 
cut the jumper between the third and the fourth groups of this same 
phase. Bend the end of the jumper attached to the third group in 
towards the center of the stator, then with a piece of string or tie wire, 
tie the other part of the jumper to the original lead upon which we 
started. This ties the original lead to the beginning of the fourth group. 
After this is done for one phase, repeat the same process for the other 
two phases. Then connect together the three leads which have been 
bent in towards the middle and these will form the second star connection. 
It is not necessary to connect both of these star points together. To 
complete the operation the line leads are then attached to the other 
halves of the jumpers to which they were tied by the tie wires or strings. 

This method can be applied to any connection. It would be time 
well spent to follow each connection in the diagrams and tables to see 
where and how the break is made from one connection to another. 

There is another way to go about changing a 6-pole, 3-phase, series 
star connected motor with top-to-top jumpers to a 2-parallel star connec- 
tion which uses Fig. 47 in connection with Table 11. First find the 2- 
parallel line in the table and start with any line lead. Then refer to Fig. 
47 and trace through three groups in the same phase. Since this is 
a 6-pole machine there will be six groups per phase connected together 
for the series connection. For the 2-parallel connection there will be 
three groups in series per leg and two legs per phase. Suppose we start 
with the A line lead of group 1 (Fig. 47) and pass through three groups 
of this phase (A-1, 5-1, and 5-*) which are groups 1, 4 and 7 of Fig. 47. 
The fourth group of this same phase will be group 10 marked 11-A. 
Thus it will be seen that the end of the third group of this same phase 
is a star (*) point. The beginning of the fourth group (No. 10)-will be 
the start of the parallel leg of this same phase and is therefore connected 
to line lead A, as explained in the first method that referred to the table 
of connections. 

To make the change to 2-parallel, trace through the third-group of 
the same phase and cut open the jumper between the third and fourth 
groups of the same phase. Make the end of the third group a star point 
and connect the beginning of the fourth group of this same phase (No. 10) 
to the line lead first started on which in this case is line lead A. This will 
parallel one phase. The other two phases can be cut over in the same way. 

Things to Watch for a Delta Connection.—A delta connection is the 
one that is likely to trip the beginner, therefore, a few more words upon 
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it may be valuable. Suppose that we have a 2-parallel, delta, 6-pole, 
top-to-top connection and we want to reconnect it to series delta. In 
the 2-parallel connection each line lead will have four taps connected to 
it, two top jumpers and two bottom jumpers. For the purpose of this 
discussion we may consider that all the top leads are incoming leads. 
The bottom leads could be chosen if desired, but in this case we shall 
take the top leads. If the top leads are chosen they must be kept as 
incoming jumpers throughout the job. Considering the top leads as 
the incoming leads take any one line and cut off the bottom leads attached 
to it. Do likewise to the remaining two line leads. After this is done 
there will be six bottom leads projecting from six groups. Then take 
the first bottom lead to the right and calling this group No. 1 count over 
to group No. 4. Join these two groups together. This will leave four 
leads. Take the next group to the right and calling this No. 1 count 
over to group No. 4 and connect the bottom leads of these two groups 
together. The remaining two leads are then connected together. To 
check the connections start at any one line lead and follow the winding 
through each phase. Then if the connection is correct, the three phases 
will have been passed through and the end of the operation will bring 
us to the line lead upon which the start was made. 

General Rules for Reconnecting 3-phase Motors.—The following gen- 
eral rules for reconnecting 3-phase motors should be remembered. Pole- 
phase groups 1 and 4 apart, belong to the same phase but are of opposite 
polarity. If we enter group No. 1 on a top lead we must enter group 
No. 4 on a bottom lead. Likewise, pole-phase groups 1 and 7 apart 
belong to the same phase and have the same polarity. In this case if 
we enter group No. 1 on a top lead we must enter group No. 7 on a top 
lead. The method of representing a group of coils by a straight line in 
the diagram, and assigning a number to each such pole-phase group, 
makes the diagrams applicable to all windings having the same number 
of poles and phases regardless of the number of coils per group and the 
coil pitch or throw. 

Then by adding a letter or star and number to the beginning and 
ending of each group, it is a simple matter for unskilled help to connect 
up motors in the shop by the use of tags as described on page 3. 

All the diagrams in this book are standardized. That is, each diagram 
starts at group No. 1 and the group numbers proceed around the diagram 
in a clockwise direction. Also, the current direction is assumed to be 
flowing from left to right in group No. 1 in all the diagrams. 

The numbering and lettering system of marking these connecting 
diagrams has the following added advantages. A table has been made 
up for each type of diagram; that is, top-to-top and top-to-bottom. 
These tables give the letters and numbers for each group. Then repair 
men can make up a memorandum book with the lettering for one diagram 
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per page. In this way they will always have connecting data on hand as 
it is a simple matter to make up a rough diagram from the tables if one 
is found necessary. Memorandum books of these connecting tables 
will be found to be mighty handy and are well worth the time spent in 
writing them up. 

These tables also come in handy when a trouble man calls up and 
wants data on reconnecting a motor. Just read the lettering and 
numbers off to him over the phone. He can jot these down and will 
be able to proceed, thus saving considerable time and in some cases, an 
unnecessary trip back to the shop for instructions. 


CHAPTER II 
HOW TO USE THE COIL GROUPING CHARTS AND TABLES 


Number of Coils Required in Each Group.—In connecting an induc- 
tion motor, the winding must first be connected into pole-phase groups. 
Therefore, the operation that will be dealt with in ‘this chapter will be 
how to determine the number of coils which must be in each group. The 
methods of connecting the groups together have been explained in 
Chapter I. The number of coils which should be connected together 
in each group is given in the Main Table (pages 8-9) and in the other 
tables which are designated as Chart A, Chart B, Chart C, etc. The Main 
Table gives directly the number of coils in each group if the winding is 
an ‘equal’? winding. Throughout this discussion the term ‘‘equal’’ 
winding will mean that all of the coil-groups have the same number of 
coils. If the winding is an ‘“‘unequal’’ winding (that is all the groups 
do not have the same number of coils) this fact will be indicated by a 
letter in the Main Table which will refer to one of the charts as A, B ete. 

How to Use the Main Table.—The first thing to do in any case is 
to consult the Main Table. The columns in this table are arranged under 
the general heading of Number of Coils in Machine. The top row of 
figures refers to this heading and it should be remembered that the 
number of coils in the machine, and not the number of slots, is designated. 
Under each figure, representing the number of coils, a sub-division is 
made according to whether the machine is 2-phase or 3-phase. This 
is indicated by the figures 2 and 3 in the second line of the Main Table. 
In the left-hand column of the table will be found the figures referring 
to the number of poles in a machine. And the second column will show 
the type of connection such as series, 2-parallel, etc. 

We can best explain the method of finding the number of coils per 
group by using an example. Suppose, for instance, that we have a motor 
with thirty-six coils and we want to connect it for 6 poles, 2-phase with 
a 2-parallel connection. Then, we look under the figure 36 in the top 
line of the Main Table and in the left-hand column under this figure, 
since the left-hand column is for a 2-phase connection. In this column 
to the right of the figure 6, which indicates 6 poles, and the 2-parallel 
connection, we find that there is a figure 3. This figure 3 is seven lines 
down in the body of the table and seven lines over to the right. This 
figure indicates that all of the groups must have three coils. This is an 
equal winding. 
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Matin TaBLE—NUMBER OF COILS 


This table gives the number of coils in each group for windings having equal groups, that is, the 
. Each letter in this table indicates where equal groupings are not 
possible and that the unequal grouping will be found in other tables identified by those letters. 


A small 


(K) in this Main Table indicates that a coil must be killed in each group when this letter appears in this 


table. 


If this small (K) does not appear in this Main Table for the particular connection then no 
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Per Group IN A WINDING 


coil is killed even though the (*) is present in other tables. An asterisk (*) in this Main Table means 
that when consulting other tables which are referred to in this Main Table, the proper grouping will be 
found in the line in which an asterisk appears in conjunction with the figure which indicates the total 
number of coils. A blank space in this Main Table indicates that there is no practical grouping which 
can be made with the given number of coils and poles. 
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Suppose now, we have the same winding with thirty-six coils and want 
to connect it for 8 poles, 2-phase in 2-parallel connection. Reading 
down the same column as before, and over to the right from the poles 
and 2-parallel designations, we find the letter G. When we find a letter 
such as this, we know that the grouping will be unequal and that we 
must consult the chart designated by the letter in order to find out how 
to arrange the groupings. In this case, we consult Chart G. In this 
chart the column at the left refers to the number of coils in the winding 
while the figures in the body of the table tell the number of coils in each 
group. ‘Thus we see that in the first group there are three coils, in the 
second group two coils, in the third group two coils, in the fourth group 
two colls, in the fifth group two coils, and soon. This is the way that the 
coils should be connected in groups. It will be noticed that in some of 
the groups a small letter k appears above and to the right of the figure 
indicating the number of coils. This letter k may be disregarded unless 
a similar letter k appears also in the Main Table for the particular winding 
in question. As it does not appear for the 8-pole, 2-parallel winding it 
is disregarded in this case, and the figures given in Chart G are followed 
instead. 

However, if this had been a 4-parallel winding, leaving all other con- 
ditions the same, it will be seen by consulting the Main Table that a small 
k appears with the letter G, as Gk. Therefore, this small k must be 
taken into account when grouping the coils according to Chart G. In 
each group where this small & appears one coil must be killed. 
This means that in groups 1, 6, 9 and 14 a coil must be killed leaving 
only two coils in each of the groups. 

In some cases the charts show a notation such as 3-1. This means 
that one coil must always be killed in such a group. A case of this kind 
is shown in Chart H in the left-hand table for the winding having sixty- 
two cous. The grouping according to this line of figures is as follows: 3, 
3-1, 3, 2, 3, and so on. This means that.the second group which is 
designated by 3-1 must be of three coils, one of which is killed. 

In a few cases a star or asterisk (*) is shown in the Main Table. In 
this case, in the chart referred to by the letter in the Main Table, there 
are two rows of figures applying to the same number of coils. The second 
row of figures has at the left-hand end a star. This is the row of figures 
which must be used when the star appears in the Main Table. Where 
such a case occurs it means that a series connection may be used with 
this number of coils without killing any coils. However, when a parallel 
connection is wanted some of the coils must be killed and the method of 
doing this is indicated by the line in the chart in which the star appears. 

As an example take a 2-phase, 6-pole motor having eighteen coils. 
Tor a series connection the Main Table has the notation E. For a 2- 
parallel connection the notation is E.* Looking under Chart E we see 
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there are two lines for eighteen coils. One of the lines has an asterisk 
with the 18 as 18.* This is the line to use when making repairs on 
2-parallel windings. | 

Although the charts cover most of the cases met in ordinary repair 
work, it is well to explain how to figure out the unequal coil groupings 
for any case. The method of doing this is explained in Chapter ITI. 

The coil grouping charts and tables consist of one Main Table and 
twenty-four sub-charts as A, B, C, etc. These subcharts are placed 
in each chapter according to pole and phase. The Mazn Table carries 
an index at the front of this book, giving the page number for each sub- 
chart. Each sub-chart is:divided into two sections; one for top-to-top 
diagrams, and the other section for top-to-bottom diagrams, up to and 
including the 12-pole. From 14 to 24 poles only the top-to-topcharts and 
diagrams are used. 

The Main Table can also be used when changing the number of poles 
or phases in a motor as it will show whether the new grouping will be 
equal or unequal and also the connections possible. 

The sub-charts are laid out according to the group numbers used on 
the diagrams and for accurate results the winding should be laid out and 
connected up as given in the charts and diagrams. Care should be taken 
to use the proper chart and diagram; that is, top-to-top chart and diagram 
or top-to-bottom chart and diagram. The sub-charts will be found in 
each chapter according to pole and phase; that is Charts A and B will be 
located in the 2-pole chapter, Chart M in the 12-pole, 2-phase section, etc. 


CHAPTER III 
HOW TO WORK OUT UNEQUAL COIL GROUPINGS 


Arranging unequal groupings of coils in induction motors may look 
like a problem in higher mathematics to those who have not had it 
explained to them, but it is not as difficult as it appears. The rules 
given in this chapter are made up so that they will be easy to follow. 
They give just the information that is needed to handle a winding job 
that may not be covered in the tables. 

It is not difficult to determine the proper grouping of coils for any 
induction motor when the details of the method to use are understood. 
These details and some of the ways of figuring out groupings are explained 
in the following paragraphs. Of course the majority of windings are 
covered by the Main Table and the Winding Diagrams. But for those 
cases that are not covered in the tables and charts, these general 
instructions will be useful. 

Any winding will fall in one of the four methods of grouping: 

(1) Equal grouping. 

(2) Equal grouping with some dead coils. 

(3) Unequal grouping. 

(4) Unequal grouping with some dead coils. 

There is also a fifth possibility, which is, that the particular winding 
is not practicable with the given number of coils. The rules and examples 
will show in which of these classes any winding belongs and will explain 
how to make the various arrangements of coils in groups. 

Arranging Unequal Groups of Coils——A correct arrangement of 
unequal groups of coils can be worked out in several ways. One method 
is by following an arrangement similar to that shown in the accompanying 
winding diagrams. The table on page 17 will help in this method. 
Another method is to lay out the groups on paper and thus determine 
the best arrangement. A third plan makes use of the inner circles 
on the diagrams as shown in the winding diagrams for 14 poles 
andover. All of these methods are explained in the following paragraphs. 

Method No. 1.—For the first method, suppose as an example, we have 
a 12-pole, 3-phase winding with ninety coils, as in the example for Rule 
II—(a) on page 16. There are thirty-six groups in this winding (12 poles 
X 3 phases = 36). Now, dividing the 90 coils by 36, we have 90 + 36 = 
2 and a remainder of 18. This means that eighteen groups will have an 
extra coil apiece, or 2 + 1 = 3 coils. The other groups, 36 — 18 = 18, 

12 


HOW TO WORK OUT UNEQUAL COIL GROUPINGS 13 


will have two coils apiece. Therefore there are eighteen large groups 
and eighteen small groups. Now in the table on page 17 consult the 
section for 12 poles and 3 phases. For windings having more 
than 14 poles, the information is included in the various tables 
for unequal grouping and not in the table on page 17. At the extreme 
right end of each table the numbers of large groups and small groups are 
given. This conforms to the method as used in Fig. 1 (see page 43). 
We see in the fifth column of table on page 17 opposite 18 and 18, the 
figure 54. The 54-coil winding also has eighteen large groups and eight- 
een small groups and should be used as a guide. It will be found in 
Chart N. | 

Method No. 2.—The second method may be followed where no guide 
can be found in the table on page 17. In this method the groups are set 
down on paper, as shown in the table on page 18. Cross-section paper is 
the best to use. The particular winding shown in the table on page 18 
has twenty-four coils and it is desired to connect them for 6-poles, 
3-phase series, star or delta. 

There are eighteen groups in this winding (6 X 3 = 18). Numbers 
corresponding to these groups are put down in the first line. Underneath, 
in line two, are placed letters A, B and C to show the phase of the groups. 
Now there are twenty-four coils and eighteen groups, and dividing 24 
by 18 we-get a quotient of 1 and a remainder of 6. Therefore, there are 
six large groups with two coils each and twelve small groups with one coil 
each. Now with eighteen groups total and six large groups, we get a 
pitch of 1 and 4 for the large groups (18 + 6 = 3), which gives a pitch 
of 1 and 4. In line three of the table on page 18 the cross marks (X) 
show the location of the large groups spaced 1 and 4. In this case it 
happens that all the groups would fall in the A phase if placed in this 
way. They must, however, be distributed equally among the three 
phases. To do this we can let the first one remain in the A phase as 
shown in line four of the table on page 18. The next large group must be 
placed in another phase. Usually it is better to place the second one in 
the C phase. This is done inline four. It is placed in the C phase of the 
same pole in which it was placed in line three. The next large group is 
now placed in the B phase. This is repeated until the end of the winding 
is reached. The grouping is then as shown in the bottom line. 

This grouping holds for a top-to-top winding but it will not always 
hold for top-to-bottom connections. For top-to-bottom connections 
we divide the top-to-top winding into poles, numbering them from first 
to last: 1, 2, 3, 4, 5, 6, etc. Then we move these poles into the following 
order: 1, last; 2, next-to-last; 3, second-from-last; 4, third-from-last, and 
SO On. 

In this way for a 6-pole winding the top-to-bottom connection will 
have the original poles arranged in the following order: 1, 6, 2, 5, 3, 4. 
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Therefore, the top-to-bottom groupings for the winding shown in the 
table on page 18 is: 211, 121, 112, 112, 121, 211. 

These figures must always be checked to see that every circuit has the 
same number of coils and that every phase has the same number. There 
may be some cases in which this method will not give a correct connection. 
It must be remembered in using the 3-phase connection diagrams and 
tables in this book, that the start of the B phase is in the last pole. This 
phase then passes to the first pole for top-to-top connections. For 
top-to-bottom connections it passes to the second pole. The A and C 
phases start in the first pole. 

Method No. 3.—The third method of locating the large groups uses 
the inner circles shown in the diagrams for 14 to 24 poles. 
Similar circles might be drawn in any of the other diagrams. As 
an example of the method of using these circles, suppose we have a 
14-pole, 3-phase winding having forty-eight coils. To find the number 
of large groups divide the number of coils by the number of groups. 
Dividing 48 by 42 we get 1 and a remainder of 6. Then we have six 
large groups of two coils each. To locate these properly we draw an 
inner circle as shown in Fig. 139. Then for convenience divide this into 
parts as shown 10 deg. apart starting with 0 in the center of group No. 1. 
Now we have six large groups and there are 360 deg. in the circle. There- 
fore the large groups should be sixty deg. apart (360 + 6 = 60). There- 
fore they will be located at 0, 60, 120, 180, 240 and 300 deg. These points 
correspond with groups 1, 8, 15, 22, 29 and 36. These groups are respec- 
tively in the following phases: A, B, C, A, B, C. Two of them are in 
each phase, and these can be made the large groups. 

If the points had all fallen in the same phase it would have been neces- 
sary to shift some of them so that the large groups would be in the order 
of phases A, C and B or phases A, B and C. 


RULES FOR WORKING OUT VARIOUS ARRANGEMENTS OF COILS IN 
GROUPS 


RuleI. Divide the Number of Coils by the Number of Groups.—The 
number of groups equals the number of poles multiplied by the number 
of phases. 

(a) If this division gives a whole number as quotient, then the groups 
will all be equal, and have the number of coils represented by this whole 
number. 

(b) If this division does not come out even, pass to Rule II. 

Rule Il. Divide the Number of Coils by the Number of Circuits.—The 
number of circuits equals the number of phases multiplied by the number 
of parallel paths. For instance, a 3-phase, 2-parallel winding has six 
circuits. . 
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(a) If the quotient of this division is a whole number, no coils need 
be killed. Then pass to Rule ITI. 

(b) If the division leaves a remainder, then coils must be killed 
equal in number to the remainder. Suppose, for instance, there are 
eight circuits and ninety coils. Then 90 + 8 = 11 and a remainder of 
2. This means two coils must be killed. If the number of killed coils 
exceeds eight per cent of all the coils, the winding should not be used to 
carry its normal rated load in horsepower. The number of turns per 
slot should be increased, if possible, without reducing the wire size. 

In killing coils, the coils to be killed should be chosen at points as 
nearly equidistant from each other as possible around the stator. At 
the same time the dead coils must be as equally distributed as possible 
among the different phases. After the coils have been killed, the winding 
is treated as a winding in which no coils are killed. The number of coils 
now is equal to the number of active coils (the total number minus the 
number killed). Then pass to Rule III. 

Rule III. Divide the Number of Active Coils by the Number of 
Groups.—(a) If the quotient comes out a whole number then each 
group will have that many active coils. 

(b) If there is a remainder left after the division, the grouping will 
be unequal. Pass to Rule IV. 

Rule IV. On Dividing the Number of Active Coils by the Number of 
Groups, There Will Be a Quotient and a Remainder.—For instance, 
dividing ninety coils by twenty-four groups we get 90 + 24 = 3 (the 
quotient) plus a remainder of 18. Then in this case eighteen of the groups 
will each have three (the quotient) + 1, or 4, coils; and the other groups 
(24 — 18 = 6 groups) will have three coils each. 

These groups must be arranged so that each phase has the same 
number of active coils; also so that the larger groups are distributed 
as evenly as possible around the winding. Different methods of getting 
a good arrangement are explained further by means of examples. 


SOME EXAMPLES SHOWING HOW TO GROUP THE COILS 


In the following paragraphs are given some examples which will 
explain clearly the Rules I to IV. 

Example for Rule I.—(a) Suppose we have a winding with ninety 
coils and want to connect it for a 3-phase, 6-pole series winding. Accord- 
ing to Rule I the first thing to do is to divide the number of coils by the 
number of groups. The number of groups in this case is 3 X 6 or 18. 
Dividing ninety coils by eighteen groups we get an answer of five without 
any remainder. In this case, then, the groups will all have five coils 
each. 

Example for Rule I.—(b) Suppose now we have a winding with 
ninety coils and we want to get a 12-pole, 3-phase, 2-parallel connection. 
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According to Rule I, we divide the number of coils by the number of 
groups. The number of groups in this case equals 3 X 12 or 36. Divid- 
ing 90 by 36 we get a remainder and, therefore, according to (6) of Rule I 
we must pass on to Rule II. This remainder means that coils must be 
killed or that we must use an unequal grouping. 

Example for Rule II.—(a) We now take the winding of ninety coils, 
mentioned in the last paragraph, and divide the number of coils by the 
number of circuits. The number of circuits equals the number of phases 
multiplied by the number of parallel paths, which in this case equals 
three phases multiplied by two parallel paths. This amounts to six 
circuits. Dividing 90 by 6 we get 15 without any remainder, and, there- 
fore, according to (a) of Rule II, no coils need be killed. Consequently, 
according to (a) of Rule II we pass on to Rule ITI. 

Following Rule III, when we divide the number of coils by the num- 
ber of groups we find that we have a remainder. With 12 poles and 
three phases, we have thirty-six groups, and dividing 90 by 36, we get 
an answer of 2 plus a remainder of 18. This means that eighteen of the 
groups will each have 2 plus 1, or three coils. Then the remainder of 
the groups, which equals 36 minus 18, or eighteen groups, will each have 
two coils. The method of arranging the large coils is explained in the 
paragraph following the example for Rule II—(b). 

Example for Rule IIJ.—(b) Suppose now we have a winding with 
sixty-two coils and want to get a 10-pole, 3-phase, 2-parallel winding. 
According to Rule II we divide the number of coils by the number of 
circuits. There are six circuits (3 phases X 2 parallel). Dividing 62 
by 6 we get a remainder of 2. Then two coils must be killed. We 
can kill one coil in the A phasein group 1. The next coil should be killed 
about half-way around the winding, or in group 16, as there are thirty 
groups. This coil should be in either the B or C phase. If three coils 
had to be killed they would be spaced one-third way around in A, B 
and C phases. Four dead coils would be one-fourth way around, and 
so on. 

Now suppose it is desired to connect this 62-coil winding for an 8-pole, 
3-phase, 8-parallel winding. According to Rule II we divide the number 
of coils, 62, by the number of circuits. The number of circuits equa's 
3 X 8 or 24. Dividing 62 by 24 we get a remainder of 14. This means 
that fourteen coils would be killed. This is twenty-three per cent of 
the total number of coils, but not over eight per cent should be killed, 
according to Rule II—(b). Therefore, such a connection is not practicable. 

Example for Rule III.—(a) Suppose we have the 62-coil winding and 
want to connect it for 10-poles, 3-phase, 2-parallel. 

After killing the two coils according to Rule II—(6) we now have sixty 
active coils. Following Rule III, we divide the number of coils by the 
number of groups. Then 60 + 30 = 2, and there is no remainder. 
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For Locating LARGE Groups IN UNEQUAL GROUPINGS 


This table shows how various combinations of large and small groups are placed. 
It refers to the Charts in which groupings may be found similar to most cases which 
will occur. The number of large groups equals the remainder left after dividing the 
total number of coils by the total number of groups. 

For 16 to 24 poles the numbers showing the proportion of large to small groups 
are included in the charts showing unequal coil groupings. 











Like Like 
wo. | No | Np | No | wizeing | moter || wo | wo. | Noo | Np | SeaSias | Refer 
of oS large small of coils 2 2 2 large small of coils to 
poles phases groups | groups| shown chart || poles | phases groups | groups shown chart 
below below 
2 2 18 A 2 28 62 
|| | | 6 24 96 
2 <4 62 B 8 22 128 
—_———_—|_—q_ ——“_—\y——_—\————-\—- 10 20 160 
2 6 90 12 18 72 
4 4 12 C 10 3 14 16 104 L 
6 2 54 15 15 135 
7 1 135 18 12 48 
—_—_—\—_\——_\—- 20 10 80 
a 0 ; 4 24 6 54 
26 4 86 
4 8 160 D — | |] qe _c_-|——“|_—- 
6 6 18 6 18 54 
8 4 80 8 16 80 
—_— 9 15 135 
2 10 62 12 2 10 14 62 M 
3 9 135 12 12 36 
4 8 104 E 14 10 80 
6 6 18 16 8 160 
8 4 80 18 6 90 
2 16 128 6 30 150 
6 12 24 8 28 80 
8 10 62 12 24 48 
9 135 F 14 22 86 
12 6 48 16 20 160 
14 4 86 13 3 18 18 54 N 
16 Zz 160 20 16 128 
—————_— |__| — | | | 24 12 168 
4 12 36 26 10 62 
6 10 54 oe 9 135 
2 ree a 32 4 104 
19 6 90 4 24 60 
12 4 60 6 22 62 
14 2 62 8 20 36 
SSS SS SS Se ee 10 18 150 
g a oa 2 12 16 ee fp 
16 12 2 
12 12 36 H 20 8 48 
w) 3 | el | 
24 4 8 
16 8 160 26 2 54 
———]|| 14 ee 
2 18 62 2 40 86 
4 16 84 6 36 48 
glu] 8 ei 8 | @ 
18 3 54 
10 10 90 iN 18 24 60 
12 8 72 3 20 22 62 Q 
14 6 54 24 18 108 
15 5 35 30 12 72 
16 4 96 34 8 160 
36 6 120 
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LocaTiInc UNEQUAL Corl GROUPINGS 
This is a 6-pole 3-phase Winding with Twenty-four Coils 


Group No..................|1 231456 |7 8 9 | 1011 12) 13 14 15] 16 17 18 
Phases .4c60-5-23 h e e eee | A CV ALB- G4) ABC | AY B<C|\A BC AY Boe 
Large groups, pitch 1 and 4| X xX xX xX xX xX 
Large groups, relocated....... xX xX xX xX xX xX 
Phase after relocating........| A C B A C B 
Grouping, top-to-top........ eels Mets eM ee Dee eee i ety ceils Deals 2 2i, ih 


Therefore, each group will have two active coils. Also there will be two 
dead coils, as discussed in the example for Rule II—(6). 

Example for Rule III.—(b) Suppose now we have the 62-coil winding 
and want to connect it for 8-poles, 3-phase series. As shown under the 
example for Rule II—(b), we should kill two coils, leaving sixty active 
coils. Then, according to Rule III, we divide the number of coils by 
the number of groups. This gives 60 + 24 = 2 and a remainder of 12. 
According to (6b) of Rule III, this means that the grouping will be unequal, 
and we must pass to Rule IV. 

Example for Rule IV.— Under Rule IV an example was given of finding 
the number of large coils in a winding. As another case we may take the 
winding just mentioned in the example for Rule III—(b). We find that 
in this 8-pole winding, when we divide the active coils by the number 
of groups, that we have a remainder of 12. This means that twelve of 
the twenty-four groups will be large groups having three coils each. The 
other twelve groups will have two coils each. Now the next job 1s to 
distribute the large groups in the proper way. See Methods 1, 2 and 3 
on pages 12, 13, and 14. 


CHAPTER IV 
HOW TO LAY OUT AND CHECK UP 2-PHASE DIAGRAMS 


It is the purpose of this chapter to tell how to lay out and to check 
up winding diagrams for lap wound induction motors. This description 
will cover the single-line diagram as used throughout this book. This _ 
simple diagram shows all the coils of one group by a single line. One 
single-line diagram will cover quite a number of different windings. 
One diagram may be used for any motor having a certain number of 
groups regardless of the number of coils per group and the pitch of the 
coils. This last information may be kept in a separate place. 

Each of the heavy lines in these drawings represents one group of 
coils. It may be used to indicate any number of coils and the coil pitch 
may be whatever is desired. The number of coils per group and the coil 
pitch can be noted on a winding card. Where some groups have more 
coils than others, the grouping charts should be consulted and the 
arrangement noted on a winding card or diagram. 

How Single-line Diagrams Are Drawn for Any Winding.—There are 
a number of points that should be understood in connection with con- 
structing and checking single-line diagrams. Diagram A shows the steps 
im constructing a 2-phase 4-pole series diagram when using the top-to-top 
or short jumper. The first step is shown at M. This shows a circle 
divided into eight parts as there are eight pole-phase groups in the 
machine, or pole-phase groups or group lines equals number of poles 
times number of phases. After this is done then call any group No. 1 
and number the rest consecutively clockwise as shown by the figures 1 to 
8 of diagram M. Then start at group 1 and put direction arrows on the 
groups. Ina 2-phase machine there will always be two adjacent groups 
having the same direction. The next two groups will have arrows in 
the opposite direction. As seen, groups 1 and 2 have arrows pointing 
to the right, while groups 3 and 4 have arrows pointing to the left. This 
is repeated throughout the circle. After this is done one end of group 1 
is taken asthe A lead. A letter A is put at this end of the group as shown. 
For convenience the left-hand side of each group is called the top lead 
and the right-hand side is called the bottom. Taking the top leads for 
the line leads, place the letter A at the left or top of group 1. Then the 
bottom lead of this group is connected by means of a jumper to the bottom 
lead of group 3, skipping one group. For convenience in drawing the 
Jumpers several light circles (asin M) may be drawn in outside of the main 
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circle. Then the jumpers are drawn to follow these circles. The first 
jumper leading from group 1 is called No. 1 jumper and the bottom end 
of group 1 is marked witha figure 1. The other end of this jumper, which 
goes into the bottom of group 3, is also marked with figure 1 as shown in 
N. Then as in P, connect the top of group 3 with the top of group 5, 
again skipping one group. ‘This jumper is called 3, and the figure 3 is 
put at the top end of the line representing group 3, and also at the top 
end of the line representing group 5. 

At Q this process is carried one step further. A jumper is connected 
from the bottom end of group 5 to the bottom end of group 7. This 
jumper is called 5 and the figure 5 is placed at the bottom end of the lines 
representing groups 5 and 7. There are now four groups in series, which 
completes the A-phase. 

At R the B-phase is started. The bottom side of group 2 is connected 
with the bottom of group 4 by means of jumper 2. This is continued 
at S by connecting the top of group 4 to the top of group 6, and this is 
carried forward further in T by connecting the bottom of group 6 to 
the bottom of group 8. This completes the B-phase. The line leads 
are then put in as shown at T. 

To check this winding start at the A lead and follow through the 
groups that are two groups apart. These groups should be connected 
in such a manner that the arrows on alternate groups in the same phase 
reverse. The B-phase is then checked in the same way. 

Connecting Jumpers in 2-phase Windings——The diagrams just 
described have shown the short Jumper or the top-to-top Jumper. At 
U of Diagram A is shown the same winding connected up with the long 
jumper or the top-to-bottom jumper. In the latter winding all the north 
poles are first connected in series by means of long jumpers. Then from 
the end of this series of north-pole groups a short jumper connects to the 
series of south-pole groups. At U of Diagram A one phase of the 
top-to-bottom connection is shown. 

To draw this kind of diagram connect A lead to the top of group 1. 
Then the bottom of group 1 is connected to the top of group 5, skipping 
over three groups. This isa general rule for a long jumper on a two-phase 
machine, that is, to skip over three groups or connect to groups 1 and 5. 
As this is a 4-pole machine there are two north poles and two south poles. 
Consequently as two north poles have now been covered, we must pass to 
the south poles. Therefore the bottom of group 5 is next connected 
to the bottom of group 3, thus connecting the series of two north poles to 
the beginning of the series of two south poles. This is a short jumper 
and in this case is reversing, that is, it passes back in the opposite direc- 
tion to the direction in which the first long jumpers pass around the wind- 
ing. Then the top of group 3 is connected to the bottom of group 7. 
The top lead of group 7 then forms the outgoing line lead, A. 


22 REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 


This short Jumper from group 5 could have connected to the bottom 
of group 7 if it had been desired. In this case the jumper would have 
been called “leading” instead of “‘reversing.’’ With the leading jumper 
the top of group 7 would be connected to the bottom of group 3 and the 
top of group 3 would be the outgoing A, line lead. 

Comparing Advantages of Short and Long Jumpers.—The short 
jumpers have certain advantages while the long jumpers have others. 
With the short jumpers (top-to-top connection) the coil leads themselves 
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D1aGRaM B.—Line leads may be put on in several ways. 


These drawings show how the lines may be connected to either top or bottom leads provided the 
polarity of the groups is kept correct. Also at D and E is shown the difference between placing the 
short jumper (on a top-to-bottom winding) ahead or reversed.° 


can be left long enough to serve as jumpers and thus eliminate the use 
of additional wire and a number of soldered joints. The short jumper 
makes a neater job as there are fewer cross-overs than with the long 
jumper. When unequal grouping is used the large groups can often be 
spaced more symmetrically if the short Jumper is used. 

The great advantage of the long jumper with parallel connections, 
is that it will compensate for unbalanced:magnetic pull due to wear of 
bearings and other causes. One objection is the large number of cross- 
overs but this can be overcome by allowing the jumpers to stand up. 
With large machines this type of jumper is too long and cumbersome. 
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In all of the 2-phase diagrams shown so far the top leads have been 
used for line leads. However, it is immaterial whether the line leads 
are attached to the top leads of the groups or to the bottom leads provided 
the groups are connected in proper sequence and polarity. In Diagram 
B is another method of drawing the groups of 2-phase windings. Draw- 
ings A and B in Diagram B illustrate the difference between using top 
. leads and using bottom leads, for the line connections. Both of these 
drawings show a 4-pole, 2-phase, series connection. In A the A-line 
leads are attached to top group leads and the B-phase line is attached 
to bottom group leads. It is found on application of the arrow check 
that the connection is correct. In B all of the lines connect to bottom 
leads and this connection is also correct. In C all of the line leads connect 
to top leads. These three diagrams all have short or top-to-top Jumpers 
and all of the connections are different, but they are all correct as may 
be found by checking them with the arrows. 

The next two drawings D and E show top-to-bottom long-jumper 
connections. At D the short jumper which connects the two series of 
poles is connected ahead from group 5 to group 7. At # the short jumper 
is connected reverse from group 5 to group 3 in the same manner as in 
U of Diagram A. Either one of these methods, D or #, is correct. 

In all the preceding figures and all the diagrams in this book a letter 
or number is used at each end of the pole-phase groups. These numbers 
can be put on after the diagram has been all drawn in or as the diagram 
is being constructed step-by-step. In all the cases the lettering and 
numbering is used to enable an inexperienced winder to tag a stubbed 
winding and connect like numbers together. 

How 2-parallel Connections Are Drawn.—After a series connection 
has been drawn it is an easy matter to figure out how 2-parallel connec- 
tions should be made. A 2-parallel connection is one in which there 
are two circuits for each phase. The number of groups in series per 
circuit is equal to the total number of poles divided by two. In any 
parallel connection each circuit must contain an equal number of groups 
and an equal number of active coils. Never attempt to parallel 
the coils in any one group. This is because the coils are out of phase 
by the number of degrees between slots. At certain times the sides of 
coil 1 are in a stronger magnetic field than the sides of coil 2. Con- 
sequently there will be a higher voltage in coil 1 at these times which 
would cause a circulating current to flow between the two coils. 

The proper way to parallel a winding is to put groups or series of 
groups in parallel with each other. Diagram C shows how a 2-parallel 
connection is made from a series connection on a 4-pole, 2-phase winding. 
Only one phase is shown here for the sake of clearness. At M and N is 
shown the change for a top-to-top connection or short jumper. At 
P and Q is shown the change for a top-to-bottom connection or long 
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jumper and at R is shown the 2-parallel connection called “right-and- 
left.”’ At WM the series connection is shown for the top-to-top diagram 
and below it is shown the 2-parallel connection. In the 2-parallel 
connection the heavy lines show where the changes in jumpers have 
been made. It will be seen that it is necessary only to open the Jumper 
between groups 3 and 5, then the bottom of group 3 is connected to the 
A, line and the top of group 5 is connected to the A line. This is the 


2 Parallel 
Right and Left, 
T-T 


Open here for 
"9 parallel----~., SECIS cut a 
SS Ay 2-parallel---—~ het, 


Ola @ r 
a4 ee 
1 


7 A 


7 
B 
Top-to-Top Top-to-Bottom Right-ond-Left 





Diagram C.—How 2-parallel windings are obtained from series connection. 


These diagrams are all for 4-pole, 2-phase motors. The heavy lines show the leads which have been 
changed to get the connections given in the lower drawings. Diagrams M and N are for short jumpers 
and top-to-top connections. Diagrams P and Q are for long jumpers connected top-to-bottom. At R 
is a “right-and-left’’ 2-parallel connection, while S shows the changes necessary for a ser.es connection. 
After the winding is checked up even a boy can make the connections. 


easiest way to change from series to 2-parallel. All that is required is 
to cut the series of coils in half and connect the end of the first half to 
the outgoing lead and the beginning of the second half to the ingoing 
lead. 

The connecting tables used in this book have been constructed on 
this principle and to show just where a change is necessary to make any 
desired reconnection. 

At Q is a 2-parallel connection using the top-to-bottom or long 
jumper. This was made from the series connection at P. To get the 
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2-parallel connection the series of four coils is cut in half at the short 
jumper between groups 3 and 5. Then the bottom of group 3 is con- 
nected to the A line and the bottom of group 5 connects to the A; line. 

There is another type of 2-parallel connection called the “right-and- 
left”? connection. This is shown at Rk. Starting at the A lead the two 
parallel circuits pass respectively around the right-hand and the left-hand 
sides of the winding. One circuit starts at the top of group 1 and ends 
at the top of group 3. The second circuit starts on the bottom lead of 
group 7 and ends on the bottom of group 5. This type of connection is 
satisfactory for 2-parallel but it requires considerable time and labor to 
reconnect it for series. The series connection is shown in the lower 
diagram in S. In order to change the 2-parallel connection to series, 
the first step is to disconnect the A, line from groups 3 and 5. Next 
the A line is cut off from group 7. Jumper 3 is then disconnected 
from the top of group 7 and connected to the top of group 3. Then the 
bottoms of groups 5 and 7 are put together. Now the top of group 7 
becomes the A; line lead. The B phase is reconnected in the same 
manner. 

It is obvious that considerable more time is required to change this 
type of connection to series than is required to get a series connection 
from the 2-parallel windings shown at N and Q. For instance, to change 
the 2-parallel connections at N back to series it is necessary only to cut 
the top of groups 3 and 5 from their respective leads and connect these 
two groups together. 

For these reasons the right-and-left type of parallel connection is 
not used to any great extent. The motor manufacturers try to use wind- 
ings and connections which may be readily connected for two or more 
different voltages. This helps to reduce the stock of motors which must 
be carried in warehouses, etc. For example, a 440-volt motor may be 
designed for 440 volts with a series connection and carried in stock as a 
220-volt motor connected 2-parallel. If there is a call for a 110-volt 
motor or a 440-volt motor, this machine can be reconnected in a very 
short time in 4-parallel for 110 volts or in series for 440 volts. 

There are some 9-lead, 3-phase and 8-lead, 2-phase motors made 
which can be reconnected outside of the motor for two voltages. 
Diagrams of these connections are given in Chapter VII. 


CHAPTER V 
HOW TO LAY OUT AND CHECK UP 3-PHASE DIAGRAMS 


This chapter gives details of methods for checking the windings 
of 3-phase induction motors and for constructing diagrams to be followed 
in stator windings. The explanations cover the short and long types 
of jumpers for series and parallel windings with both.star and delta con- 
nections. The method for laying out the diagrams is explained for the 
simpler single-line type of diagram which shows only the groups of 
coils. 

How to Construct a Single-line Diagram.—In constructing a single- 
line diagram, the first step is to draw the heavy single lines in a circle, 
as shown at P in Diagram H. There is one heavy line for each group in 
the winding. The next step is to put on the arrows showing the direction 
of current in the group. In constructing a 3-phase, single-line, diagram 
from the data, the arrows should be put on as shown in Diagram H at 
M. ‘The arrows in this diagram alternate, first one arrow pointing in 
one direction, then the next in the opposite direction. The reason why 
the arrows should be put on in this manner will be explained in the 
following paragraphs. 

How the Arrows Should Be Put on a Single-line Diagram.—Let 
us check the winding shown in Diagram D, for instance, by placing on 
arrows in the way they would be on a developed winding or the arrows 
on the line leads arranged with two pointing inward and one outward. 
With arrows placed in this way on a correct diagram, the arrows on the 
groups will alternate, the first three groups pointing in one direction, 
and the next three groups in the opposite direction. This check, however, 
is not always reliable when applied to single-line diagrams, as will be 
explained later, because sometimes the arrows in the groups may point 
in the correct direction and yet the winding may be incorrect. In 
Diagram D the arrows drawn in full lines show the correct method of 
checking the groups, while those drawn in dotted lines show the unreliable 
method. For the correct check as shown in Diagram D, the arrows point 
inward on all of the line leads. The arrows on the groups alternate 
first in one direction and then in the other entirely around the winding. 

To prove that the ‘“‘two in and one out”’ method of checking is not 
always reliable, let us examine Diagram F. This shows the unreliable 
check applied to a 4-pole, 3-phase, series-star diagram. This gives three 
cases of using this check. In each case, two of the arrows on the line 

26 


HOW TO LAY OUT AND CHECK UP 3-PHASE DIAGRAMS 27 


leads point inward, while one points outward. In M and N the arrows 
on the. groups point in one direction on three groups and then in the 
opposite direction on the next three groups, and this is repeated around 
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DracramM D.—How to check single-line diagrams by means of arrows. 


The most reliable way to check a single-line diagram is shown by the full arrows. _These arrows on 
alternate groups reverse direction. This is possible only when the arrows on the leads A, B and C ali 
point inward (or all outward). The dotted arrows show the direction of current. In this case the 
arrows on two leads (A and B) point inward while that on the C lead points outward. This latter 
arrangement of arrows will not always give a correct check as is demonstrated in Diagram F’, page 29. 


the diagram. According to the rule for this check, this would indicate 
that in both of these cases the diagram is correctly drawn. However, 
by a third application of the same check in O of Diagram F, it is found 
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that the arrows on the diagram alternate, first in one direction and then 
in the other. For this kind of a check, this shows that the connections 
are not correct. In the two cases of M and N, where the same check 
was applied, however, the mistake was not detected. 

In applying the check shown in Diagram H, all of the line leads have 
the arrows pointing inward. Then, the current is traced through all 
of the groups and arrows put on them according to the direction of the 
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DiacramM E.—The ‘‘all in’’ check shown in this diagram will always detect an error in 
connections. 


In the ‘‘all-in’” check the arrows are placed pointing inward on all three leads. If the diagram is 
correct the arrows on the groups will alternate in direction. One group will point clockwise, the next 
group will point counter-clockwise, and this will be repeated throughout the winding. The check proves 
that the winding shown here is connected wrongly because there are three arrows on the groups in one 
direction. If the B phase were reversed the connection would be correct. The B lead should connect 
to the lower lead of group 11 and the star connection should go to group 2 on what is now the B lead. 


SF, 


current. Finally, if the arrows alternate, first in one direction and then 
in the other entirely around the windings, the connections are correct. 

It is seen in Diagram E, however, that the arrows do not alternate 
in this way and, therefore, the diagram in Diagram EH, which is the same 
as that in Diagram F, is not correct. 

In Diagram G again is shown the reliability of the‘ ‘allin’’ method of 
checking and the unreliability of the ‘two in and one out” method. 
The checks are applied in Diagram G to the long type of jumper, while 
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the diagrams shown in Diagrams E and F have the short type of jumper. 
All four of the diagrams shown in Diagram G are the same, and the con- 
nections are incorrect. By applying the checks in VM and N, however, 
no error is detected. The ‘‘two in and one out’? method does detect 
an error in O, but this might be the third trial, as it does not detect it 
in M and N. However, the “all in’? check shown in P never fails to 





A and Bin, C out 
A B Cc Connection incorrect but checks correct 





_ Band Cin, A out 
A B C Connection incorrect but checks correct 





A and C in, Bout 
Connection incorrect; detected 


A, B and Cin 
Connection incorrect; always detected 


DracRaAmM G.—The right and the wrong way to check windings. 


This shows a long-jumper type of connection checked in the reliable way at P and the unreliable 
way at M,N and O. At M, N and O the arrows are put on the leads two inward and one outwar 
With arrows in these directions the arrows on the groups shown point first three in one direction, then 
three reversed, and so on. They do this in M and N even though the connections are wrong. The 
third check of this kind, at O, does show the mistake. The check shown at P detects the error at once. 
In this check all the arrows on the leads point in one direction. Then the arrows on the groups should 
alternate on alternate groups. They fail to do this in the diagram at P, therefore, this diagram is 
incorrect. Diagram E and Diagram F also illustrate the value of the ‘‘all-in’’ check. 


detect the error. As seen in P, the arrows point, first, three in one direc- 
tion and then three in the opposite direction, and this shows that the 
connection must be wrong. For this “‘all.in” check, the arrows in the 
groups must alternate, the first arrow in one direction and the second 
arrow in other direction, and so on. 

Therefore, in shesking the single-line diagram, the arrows should 
be put on as shown in M of Diagram H, the arrows on the line leads all 
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Diacram H.—How single-line diagrams are drawn, both series and parallel. 


Drawings M, N and O show three steps in making a single-line diagram, while drawings P, Q, R, S 
and T show how the series winding is changed to 2-parallel and 4-parallel. The drawings are all for a 
4-pole, 3-phase, star winding with top-to-top connections. Only the B phase is shown in M and N while 
all three phases are drawn in QO. In the drawings P, Q, and R the heavy lines show where changes have 
been made from the preceding drawing in order to get the 2-parallel or 4-parallel connection. Drawings 
P, Q and R& show only the B phase but all three phases are shown in S and T. 
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pointing inward and those on the groups alternating first one arrow in 
one direction, then another in the opposite direction. This check is 
based on the fact that if direct-current flows inward from each line of 
a properly connected, 3-phase series winding, and a compass is held 
against each group, the polarity of each successive group will reverse. 

Therefore, in constructing the single-line diagram, first the arrows 
are put on the groups, making one arrow point first in one direction and 
the next arrow in the opposite direction, and repeating this around the 
winding as in Diagram H. Then, put the group numbers on the curved 
lines as explained for 2-phase windings in Chapter IV. In any 3-phase 
winding, every third group (1 and 4) belongs to the same phase. The 
alternate groups of the same phase are in poles of opposite polarity. 
In other words, if group No. 1 is in a north pole, then group No. 4 will 
be in a south pole. Similarly, group No. 7 will be in a north pole of the 
same phase. 

Top-to-top and Top-to-bottom Connections.—For a top-to-top. 
(T-T) connection adjacent groups of the same phase are connected 
together. For a top-to-bottom (7-B) connection all groups in the 
north poles are first connected in series and then a short jumper is used 
to connect this series with the series of all south poles. The difference 
between the top-to-top (short) jumper and the top-to-bottom (long) 
jumper is explained in the chapter on 2-phase windings. 

The Diagram H is for a top-to-top connection; consequently the 
first group is connected to the fourth. Calling the top lead of group 
No. 1 the B line, then connect groups No. 1 and No. 4 together, so that 
the arrows are followed. In other words, the bottom of group No. 1 — 
connects to the bottom of group No. 4. Groups No. 4 and No. 7 are 
next connected together. The top of group No. 4 is connected to the 
top of group No. 7. Then, the bottom of group No. 7 is connected to 
the bottom of group No. 10, and as all the groups in the B phase have 
been covered, the top of group No. 10 is the star (*) connection. In 
passing through this series of groups from one end to the other, it will 
be noted that the passage is first clockwise (in group 1), then counter- 
clockwise (in group 4), then clockwise (in group 7) and then counter- 
clock-wise (in group 10). In other words, the direction alternates from 
one group to the next. This holds always with the top-to-top connection, 
but with the top-to-bottom connection the first series of groups is passed 
in one direction and the second series in the opposite direction. 

Location of Line Leads.—In Diagram H after the B phase is connected 
as in M, the C phase is drawn in, as shown in N. To locate the start of 
the C phase, count over from group 1 to 3. Then the C line will connect 
to the top lead of group 3. The bottom of group 3 will connect to the 
bottom of group 6. Then the top of group 6 connects to the top of group 
9, the bottom of 9 connects to the bottom of 12, and the top of group 12 
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forms the second star connection. After this phase is drawn, check 
it as outlined for the B phase. 

The line lead for the A phase can be located at the top of either group 
11 or group 5. In O of Diagram H the top of group 11 is used. The 
bottoms of groups 11 and 2 are connected together, the tops of groups 
2 and 5 and the bottoms of groups 5 and 8. The top of group 8 forms 
the last star connection. The tops of groups 8, 10 and 12 may be 
connected together to form the star point. The jumper numbers are 
put on at the end of the groups as already explained in reference to 
Diagram A for 2-phase windings, page 21. 

Line Leads May Be Brought Out at a Number of Points.—The small 
drawing D in Diagram H represents the star connection, showing the 





Lead 5B, at top of group II. Leads A and C, bottom of groups l0and 12. Stoy-, top of 2. and bottomof land3 


D1aGRAM I.—Various positions in which line leads may be placed. 


These diagrams are all for a 4-pole, 3-phase, series winding with top-to-top connection (short 
jumpers). As will be seen, the Jine leads are put on in four different ways, but each is correct. 


group numbers and the order in which they are passed through. At 
E is shown the way the series-star can be changed to a series-delta con- 
nection. The star connection is opened at the end of the A phase and 
connected to the beginning of the C' phase. Likewise the end of the C 
phase is connected to the beginning of the B phase, and the end of the 
B phase to the beginning of the A phase. If we enter the delta winding 
_ on a line lead all three phases are passed through in the direction of the 
arrows until the starting point is reached. 

In the explanation which has just proceeded, directions were given 
on where to place the line leads. It is not necessary, however, to place 
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the leads always in one position. Diagram I shows four different 
methods of bringing out the line leads. The method shown at M is 
the most common and is used throughout this book, while that at O is used 
quite frequently. When selecting groups on which to attach line leads 
keep in mind that the arrows on alternating groups reverse, and assume 
that the current is flowing in on each line lead. 

To check a series-delta connection start at any line lead. This will 
have attached to it two group connections. For illustration, suppose 
the A lead in M of Diagram J is taken. This drawing shows a series- 
delta, top-to-top diagram. As a starting point take.one of the connec- 
tions leading to the A lead and somarkit. For instance, in this diagram, 
take the A lead which is connected to group 11. Assume that the current 
is flowing in on this lead and check the direction of the current through 
the phase, remembering that every third group (1 and 4) should be passed 
through and that alternate groups are passed through in opposite direc- 
tions. At the end of this phase, which is group 8, a connection is made 
to another line lead, C, which also has another group connection 38, 
attached to it. Using this lead as the next starting point, check the 
second phase in the same manner as the first. At the end of the second 
phase, at group 12, another line connection, B, is found. This has 
another group, group 1, connected to it. Use this connection to group 
1 as the start of the third phase. This phase should end on the same 
line lead on which the first phase started, at group11. Thisisthe marked 
lead. 

When checking a wound stator, a piece of chalk should be used to 
mark each group as it is passed through. Instead of making an arrow 
on the end of the coils composing a group, it is much easier to draw an 
inclined straight line, as shown in M of Diagram J. The inclination of 
the line toward the center of the machine indicates the direction of flow 
of current through the group. ‘These lines have been drawn at groups 
4-5-6-7, to illustrate their use. 

How Parallel Connections Are Obtained from Series Connections.— 
Changing series to 2-parallel and 4-parallel connections is shown at P, 
Q and R of Diagram H. All the drawings in this figure are for star 
connections with top-to-top jumpers. Drawings P, Q and # show the 
B phase only. P is the drawing giving the series connection of the B 
phase. Drawing Q shows the 2-parallel connection which is obtained 
from the series connections. The changed connections in drawing Q are 
shown by the heavy lines. The series of four coils in P is cut open at 
the middle point, the top of group 7 is connected to the B line and the 
bottom of group 10 is connected to the star point. 

At S is shown the entire 2-parallel star connection with all three 
phases drawn in. Note that the two star connections are not Joined 
together. The electrical performance is not affected by failure to join 
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the two stars and on large machines where the wire is of considerable 
size, two splices and some cable are saved by omitting the connection 
between the two stars when a change is made from series to 2-parallel. 

A 4-parallel connection is shown at R. Each connection consists 
of only one group in this case. This is because there are only twelve 
groups while there are 4 parallel circuits for each of the 3 phases. 
At T is shown the complete 4-parallel star winding with all 3 phases 
drawn in. 

The method of drawing and checking parallel-delta connections is 
shown in Diagram J at N and O. These windings are for top-to-top 
connections. A 2-parallel delta connection will have four taps to each 






2 PARALLEL 


Zz 





Dracram K.—Top-to-bottom type of connection, series and 2-parallel. 


This shows a 4-pole, 3-phase, star winding with the top-to-bottom, or long, jumper. At M is a 
series connection, while at N is a 2-parallel connection. The heavy lines in N show where changes have 
been necessary to convert the series to the 2-parallel connection. 


line lead. Then to check the winding take any one line lead as A in 
drawing N of Diagram J. Take any one of the four taps from this line 
lead, such as the tap connected to group 11. Assume that the current 
is flowing inward on this tap. Then trace through the groups of this 
phase, remembering that every third group (1 and 4) is in this phase and 
that alternate groups should be passed through in opposite directions. 
Mark all the leads and also the groups as well as the direction in which 
they are passed through. After the groups in this phase, groups 11 and 
2 are passed through, the C phase begins. Select a tap on this C 
phase, as that going to group 3. Check through groups 3 and 6 to the 
B line lead. Check this phase through groups 7 and 10. After passing 
through these three half-phases, we come to the line lead started on, 
which is A in group 11. We shall have marked six taps which were 
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passed. Then starting again on the first line lead, select another tap, 
this time on group 5, in the A phase. Check this circuit through. Then 
follow each remaining tap at the end of each remaining half-phase until 
the starting point is reached. 

At O is a 4-parallel, delta connection. Each group is the beginning 
and the ending of a phase. To check such a winding pass first through 
any A group, then a C group, then next a B group. This completes the 
first circuit. Then select another tap leading from a line and pass again 
through the A, Cand B groups. When this is done four times all of the 
windings -will have been included. 

The method of constructing a top-to-bottom diagram is shown in 
Diagram K. In this type of diagram all groups in one phase under poles 
of the same polarity are connected in series. Then a reversing jumper 
connects this series with the groups under poles of the opposite polarity 
and these also are all connected in series. When a 3-phase motor has 
top-to-bottom jumpers, groups 1 and 7 are connected together. In 
M of Diagram K the top of group 1 is used for a line lead and the bottom 
connected to the top of group 7. This forms the first series of coils in 
this phase, as half of the groups in this phase have been covered. Then 
a short Jumper connects the bottom of group 7 to the bottom of group 
10. The top of group 10 is then connected to the bottom of group 4, 
and the top of group 4 forms the star connection. At N of Diagram K 
is shown the 2-parallel, top-to-bottom connection. Note that the short 
jumper has been cut open, one end going to a line lead and the other to 
the star connection. 

Other examples of the top-to-bottom connection are included in 
Diagram L. This shows a 6-pole, series-star diagram, connected top-to- 
bottom. At M is the series connection. At N is the 2-parallel connec- 
tion in which the three north-pole groups are in one circuit and the three 
south-pole groups in the other circuit. In O a 3-parallel (three-circuit) 
top-to-bottom connection is shown. In this diagram one of the circuits 
has a top-to-top connection, where groups 13 and 16 are connected 
together. The reason is that these two were originally connected 
together by the short jumper. 


CHAPTER VI 


DIRECTIONS FOR USING TABLES FOR CONNECTING ENDS 
OF GROUPS 


Tables 1 to 50 have been compiled with the series winding as the 
base; that is, all tables for top-to-top (7-T) and top-to-bottom (7-B) 
connections show the full lettering for the series connection only. Then 
for any parallel connection the lettering is changed only at the point on 
each group of the parallel connection line where a change is made from 
the standard series group lettering with ditto-marks used to indicate when 
the series line lettering and numbering is to be used. This method 
makes the difference between any two of the many connections shown 
in the tables stand out so as to be read at a glance. 

These tables, 1 to 50, and particularly those for the 16- to 24-pole 
windings, can be used to lay out and construct a connecting diagram 
for any desired connection within the range of the poles and phases shown 
in the tables. 

How Changes for Parallel Windings Are Shown in the Tables.— When 
these connecting tables are used to lay out new winding diagrams, the 
ditto marks in the blank spaces of the parallel connection lines must be 
taken into consideration. The way to do this is to pick out the connec- 
tion line for which a new diagram is needed and fill in the group numbers 
and letters as given in the table from the series connection line, where 
the ditto marks indicate that the connections for ends of groups are the 
same. The tables as they stand where ditto marks appear, show at a 
glance what changes are required for any connections, since only the 
changes in ends of groups for parallel connections are shown with the 
ditto marks indicating the connections that are the same for the ends of 
the different groups. This will be particularly useful when making 
reconnections for voltage changes. 

How to Make up New Diagrams from Information in Tables.—The 
procedure when using the tables to make up new diagrams is as follows: 
Lay out a circle having as many short lines or ares as there are pole 
phase groups (see Diagram M). The number of these groups is given 
in each table in the top line headed ‘‘group numbers.’”’ Each of these | 
arcs should be at least 14 to 3-inch long for clearness. After drawing 
the arcs, number the groups in a clockwise direction to correspond to the 
table. (See Diagram N). 
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To illustrate the use of the tables in constructing diagrams, a 4-pole, 
2-parallel, star 7-7 connection layout will be made from Table 5. The 
first step is to lay off twelve ares (Diagram M) to represent the number 
of pole-phase-groups, given in the top line of Table 5. The next step 
is to number these groups as shown in Diagram N. The next step is 
to look along the desired connection line in the tables, until the first 
figure or letter (not ditto marks) is encountered. Then look up to the 
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top of the table and locate the group number and whether the mark is 
at the top or bottom of the group. 

In the example under construction, we look along the second line in 
Table 5, until we see the (*) mark which we find 1s at the top or left-hand 
side of group 2. We then put a (*) star at the top or left-hand side of 
group 2 in the skeleton diagram. We next proceed along the 2-parallel 
line and locate all other figures, letters or marks (not dittoed) given in 
the table and transmit these marks to the proper group and proper end 
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of each group in the diagram layout. Diagram N shows this stage of 
the diagram. Note that the marking shown in Diagram N corresponds 
in every respect with that shown on the 2-parallel line of Table 5. 

We next consult the series line of the table being used to construct 
the new diagram. Start with group 1 in both table and diagram and fill 
in the markings at the top and bottom of each group, using the first line 
marking of the table for the new diagram until a mark is encountered 
on the diagram that differs from the first line marking in the table for 
a series connection. We then skip this mark and proceed to mark the 
rest of the group ends to correspond with the first line of the table until 
the previous marks first put on the diagram are met, which do not follow 
the first line but agree with the second line markings. 

Then, for the example under consideration, the marking for group 
1, first line, is A-1 and as both ends of group 1 in the diagram are blank, 
we put A at the left and 7 at the right of group 1, as in Diagram O. 
- The first line of Table 5 shows group 2 marked 2-3. The top of group 2 
in the new diagram had been previously marked with a (*). In this 
case we simply put the 3 at the right end or bottom of group 2 which 
now reads *-3 (See Diagram O). Group 3 in Table 5 is marked C-4 and 
this is repeated (following the ditto marks) in the new diagram. Group 
4 reads 5-1, but the new diagram (See Diagram O) has a * at top. This 
group then becomes *-1. The marking is continued in this manner 
until all groups are marked. 

Diagram O shows the groups all marked and the new diagram ready 
to have the group ends connected together with jumpers. These jumpers 
connect like numbers together; that is, one to one, three to three, etc. 
Figure 30 shows the finished diagram, with the leads and star connection 
made. 

When it is desired to construct a diagram for parallel connection, 
first mark the skeleton group diagram with the markings given on the 
desired connection line in the table. Then fill in with the series marking 
in the same way as already explained. 


CHAPTER VII 
SPECIAL DIAGRAMS FOR TWO AND FOUR-SPEED MOTORS 


This chapter contains a number of special diagrams used mostly for 
4- and 6-pole windings, but the principle can be applied to windings 
with a larger number of poles by studying the diagrams presented. 
Figure 1 shows a 2-phase, 4-pole winding having only twelve coils. In 
this connection one coil forms a group and there are twelve groups, 
connected to form eight groups or four per phase, giving two groups of 
two coils and two groups of one coil per group or six coils per phase. 

Figures 2 and 3 are diagrams arranged for 120-deg. lead spacing for 
rotor windings connected series-star, 4, and 6 poles. 

How Two-parallel Windings Can Be Made by Changing Leads 
Outside the Motor.—Figures 4, 5, 6, 7, 8 and 9 are diagrams arranged 
so that a series of 2-parallel windings can be had by changing the leads 
‘ outside the motor. Thus the windings can be arranged for two voltages, 
110 and 220, or 220 and 440. ‘This is quite an advantage for plants that 
are changing over from one voltage to another, as the spare motors can 
be connected according to these diagrams and arranged for either voltage 
in 10 to 15 minutes. It is also of advantage to contractors who have 
portable tools and meet with different voltages on each job. While 
the diagrams cover the 4- and 6-pole motors, a study of the method used 
will enable the average winder to construct a diagram for any winding. 

Star-delta Method of Starting Motors.—Figures 10, 11, 12 and 13 
are diagrams arranged for the star-delta method of starting motors. The 
connections are for 4-pole, series, 2- and 4-parallel and 6-pole series 
windings. The lead arrangement is given in Fig. 10 and applies to the 
four diagrams. 

Four-speed, Double-winding Motors.—Figures 14, 15, 16 and 17 are 
connecting diagrams that apply to 4-speed, double-winding motors. 
Figure 17 gives the controllerconnections. Inthis type of motor the wind- 
ing is designed for a constant horsepower at all speeds, using two windings, 
one for 4 and 8 poles, 1800 and 900 r.p.m. and the second winding for 
6 and 12 poles, 1200 and 600 r.p.m. 

When winding the stator put the 4-pole winding on first, in the bottom 
of the slots, and the 6-pole winding on top and connect each winding 
on opposite sides. That is, the 4-pole on the right hand side and the 
6-pole on the left hand, or vice versa. 
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When connecting up a 4-speed, 2-winding stator, if one side or 
winding is picked up in a clockwise direction when facing the stator, 
the opposite side should be connected by picking up the groups in a 
counterclockwise direction. Failure to observe this rule will mean 
that on first speed the motor will run in one direction and on second 
speed in the opposite direction. The third speed will be the same as 
the first and the fourth the same in direction as the second. 

To obtain 4 and 8 poles or 6 and 12 poles from one winding, we will 
have to resort to a salient and consequent pole connection. Also to 
get a constant horsepower, a series-delta connection will be used for the 
high speed, 1800 and 1200 r.p.m., 4 and 6 salient pole windings, and a 
2-parallel, star connection for each low speed 900 and 600 r.p.m., 8 and 
12-pole winding. The way this connection keeps the hp. constant is 
explained below. <A two-layer (diamond mush coil) lap winding is 
generally used for each winding. 

On all multi-speed induction motors the coil pitch is made one 
hundred per cent for the lowest speed of each winding. Then for a 4- 
and 8-pole, 48-coil winding the coil pitch is 48 + 8 equals 6, or 1 and 7, 
and for the 6- and 12-pole, 48 + 12 equals 4, or 1 and 5, which is 50 
per cent pitch for the 4- and 6-pole windings. 

Figure 14 is a series-delta connection. Note that the delta is opened 
atone point. This is to prevent circulating currents, as only one winding 
is in use at one time. If the winding not in use should form a closed cir- 
cuit it would act as the secondary of a transformer. To overcome this 
both ' windings are opened as indicated. 

Figure 15 shows how the 8 poles are obtained. Note that the 
direction of the current as indicated by the arrows is reversed in groups 
2, 4, 6, 8, 10 and 12, and all arrows point the same, thus forming poles 
between each group. Figure 15 is a 2-parallel star connection. 

How the Horsepower Is Kept Constant.—The way these two connec- 
tions tend to keep the horsepower constant is as follows: The series- 
delta connection is good for 220 volts, 15 amp., 1800 r.p.m. 5 hp. The 
wire in each phase will carry 8.61 amp. 

Changing to parallel-star, the voltage per phase is 110 volts, or the 
line voltage should be 110 X 1.73 equals 190 volts. Then if 220 volts 
are applied, it will be 16 per cent over voltage, and as each leg of the star 
circuit is good for 8.61 amp., the line current could be 2 X 8.61 equals 
17.22 amp., which is an increase of 14.8 per cent. Then the net result 
is to reduce the total turns and increase the current-carrying capacity, 
both of which wil increase the maximum torque and tend to keep the 
horsepower constant. A multi-speed induction motor of constant horse- 
power will be about 150 per cent larger than a corresponding single-speed 
motor of the same horsepower at the highest speed. 

Figure 16 shows the 6- and 12-pole connection which is 2-parallel 
star for 12 poles and series delta for 6 poles. Figure 17 shows the con- 
troller connection for the four speeds. 
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CHAPTER VIII 


TWO-POLE, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


This chapter contains six diagrams for 2-phase, 3-phase star and 
3-phase delta, all showing top-to-top windings. There are only two 
connections that are available and these are series and 2-parallel. 

A study of Figs. 18 to 23 and Tables 1 and 2 will show that to change 
from a series to a 2-parallel connection or vice versa is a simple matter. 
Also changing from a series star to a series delta is equally simple. 

Examples of such changes are given in the chapters that follow, illus- 
trating the different points in making changes in connections and using 
the accompanying tables and diagrams. 
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TaBLE 1.—CoNNECTIONS FOR ENDS oF GROUPS OF A 2-POLE, 2-PHASE WINDING 


2-pole, 2-phase, top-to-top 


Pole-number:ssc..522 ean eee | I | II 

Group number....00....00..-0.| 1 | 2 | 3 | 4 
Connection | Fig. No. | T-B | T-B | T-B | T-B 

SELICG Ns Moc etn Go ane | 18 | A | | B 2 | Ae 1 | Be. 2 

2-parallel.............. | 19 | rm aAs | “Be | “A | cB 





Cuart A.—UNEQUAL CoIL GROUPING OF A 2-POLE, 2-PHASE WINDING—SEE FIGs. 
18 AnD 19 





2-pole, 2-phase, top-to-top 


Group number 


Number of | 
coils | 1 | 9 3 | 4 
18 | 4 | 5-1 | | 5-1 | 4 
54 | 13 | 14-1 14-1 | 13 
62 | 15 | 16-1 16-1 | 15 
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CHart B.—UnequaL Cort GROUPING FOR A 2-POLE, 3-PHASE WINDING—SEE Fics. 
20, 21 AND 22, 23 


2-pole, 3-phase, top-to-top 


No. of | Group numbers 
coils | 1 | 2 | 3 | | 4 | 5 | 6 
: | 
62 10 10 : 11-1 10 11-1 10 
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CHAPTER IX 


FOUR-POLE, TWO-PHASE DIAGRAMS AND CONNECTING 
TABLES 


This chapter covers windings for 2-phase, 4-pole stators, giving five 
diagrams, two connecting tables and two coil grouping charts covering 
both long and short jumper types. It will be noticed that the same 
4-parallel connection diagram (Fig. 28) is used for both top-to-top (T-T) 
and top-to-bottom (7-B) diagrams. 

To change a series T-7 winding to 2-parallel, T-7T, consult Figs. 24 
and 25, also Table 3. These show that jumpers 3 and 4 are opened and 
the top of group 3 connected to Az line, top of group 5 to A line, and 
top of group 4 to Be, top of group 6 to the B line. 

To change a series T-B to 2-parallel, T-B, use Figs. 26 and 27 and 
Table 4 (T-B). Here we find that the short reversing jumpers 5 and 6 
are cut open and the bottom of group 5 connects to the A. line, bottom 
of group 6 to Be, bottom of group 7 to A and bottom of group 8 to the 
B line. 

To change a series or 2-parallel T-T or T-B connection, to 4-parallel, 
cut open all jumpers and connect the ends as shown in Tables 3 and 4. 

In changing a 7-B connection to T-T, quite often when changing an 
odd grouping motor from one voltage to another, we find that the group- 
ing will not allow a T-B, 2-parallel connection, but the correct combina- 
tion can be had with a T-T, 2-parallel connection. For example: Con- 
sider a series T-B connection (Fig. 26) which it is desired to change to 
2-parallel. The grouping will not permit a 2-parallel T-B connection 
but a 2-parallel, 7-7, will. Then consult Figs. 26 and 28 and Tables 3 
and 4, comparing the first line in the T-B Table 4 with the second line in 
T-T Table 3, we find groups 1 and 2 require no change, tops of groups 
3-4 no change, bottom of groups 5, 6, 7, 8 no change. Jumpers 1, 2, 3, 4 
are then cut open and the bottom of group 3 connected to the bottom 
of group 1. Bottom of group 4 is connected to bottom of group 2, then 
top of group 5 to A the line and top of group 6 to the B line. 

This shows how the tables and diagrams are applicable to most any 
practical problem. 


66 


FOUR-POLE DIAGRAMS AND CONNECTING TABLES 67 


TaBLE 3.—CONNECTIONS FOR ENDS OF GROUPS FOR 4-POLE, 2-PHASE, T-7T WINDING 





4-pole, 2-phase, top-to-top. See Figs. 24, 25 and 28 
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CHart C.—UNEQquAL Cort GROUPING FOR 4-POLE, 2-PHASE WINDING 
4-pole, 2-phase, top-to-top. See Figs. 24, 25 and 28 





Group numbers 











Coils 
12 1 1 2 2 1 1 2 2 
36 4 4 5 5 4 4 5 5 
54 7-1 6 vi 7 6 7-1 7 7 
60 ZL 7 8 8 7 7 8 8 
62 8-1 7 8 8 7 8-1 8 8 
84 10 10 11 11 10 10 11 11 
86 11-1 10 11 11 10 11-1 11 11 
90 12-1 11 11 11 11 12-1 11 11 
108 13 13 14 14 13 13 14 14 
135 16 17-1 17 17 17-1 17-1 17 17 
150 19-1 18 19 19 18 19-1 19 19 
156 19 19 20 20 19 19 20 20 
180 22 22 23 23 22 22 23 23 

4-pole, 2-phase, top-to-bottom. See Figs. 26, 27 and 28 

2 1 2 1 1 2 
5 4 5 4 4 5 
7 6 7 7-1 6 7 
8 7 8 7 7 8 
8 7 8 8-1 7 8 
11 10 11 10 10 11 


11 11 11 12-1 11 11 
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TABLE 4.—CONNECTIONS FOR ENDS oF GROUPS FOR 4-POE, 2-PHASE, T-B WINDING 





4-pole, 2-phase, top-to-bottom. See Figs. 26, 27 and 28 
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CHAPTER X 


FOUR-POLE, THREE-PHASE, STAR DIAGRAMS AND CON- 
NECTING TABLES 


This chapter covers only the star (Y) type of connections for 4-pole, 
3-phase windings, although the coil grouping charts are to be used for 
the delta winding for Chapter XI (4-pole, 3-phase, delta). The two 
coil grouping charts give the arrangement of coils for odd groupings; one 
table for T-T and another for T-B diagrams. 

To change a series star T-T to a 2-parallel, star T-7, use Figs. 29 
and 30, also Table 5, which shows that jumpers 2, 5, 7 are cut open, and 
the tops of groups 2, 4, 6 connected to the star ring and top of group 5 
to the B line, top of group 7 to the A line, top of group 9 to the C line. 

To change a 4-parallel connection to a series, it is better to remove 
all jumpers and leads, etc. and connect up new. Compare Figs. 29 
and 33. 

It is also possible to change from a T-B type of connection to a T-T 
as explained in Chapter IX for the 2-phase windings. Just pick out 
the two diagrams and tables and note where a change occurs. (Figs. 
30 and 31, Tables 5 and 6.) 

To change a series-star connection to a corresponding type series- 
delta connection, pick out the respective diagrams (as Figs. 29 and 34) 
and (Tables 5 and 7) and compare groups. The 7-T series-star Table 5 
shows a star connection at tops of groups 8, 10 and 12 and Table 7, 
T-T, series-delta, shows that group 8 connects to the C line, top of 
group 10 to the B line and top of group 12 to the A line. All that is 
necessary is to cut open the star connections and connect the top to the 
proper line lead. 

A series-star T-B connection can be changed to a series or 2-parallel 
delta 7-7 connection or a T-T to a delta T-B, etc., by picking out the 
proper figures and tables and noting the different top or bottom group 
letters and numbers. 
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Cuart D.—Unequat Com Grovurina FoR 4-POLE, 3-PHASE, STAR AND DELTA 


WINDING 
SSS ss SS 


4-pole, 3-phase, top-to-top. For star see Figs. 29, 30 and 33. For delta see Figs. 
34, 35 and 38 





Group numbers 




















Coils 
1 Z 3 4. 5 6 i 8 9 10 11 12 
18 2 1 2 1 Z 1 2 1 2 1 2 1 
54 4 5 4 5 4 5 4 5 4 5 4 5 
62 6-1 5 5 5 5 5 5 6-1 5 5 5 5 
80 6 7 71 7 6 7 7-1 7 6 f° <6 7 
86 7 7 &1 7 c - 8-1 7 7 Te ot 7 
90 7 8 1 8 7 8 iL 8 Z 8 7 8 
104 8 9 91 9 8 9 9-] 9 8 9 8 9 
128 10 11 11-1 {11 #10 #2121’/ 11-1 ~ #4211 10 11 10 Ii 
135 12-1 11 11 11 12-1 11 11 11 12-1 | 11 11 11 
150 12 13 12 13 12 13 12 13 12 13s) 12 13 
160 14-1 13 13 13 141 13 13 13 14-1113 18 141 





4-pole, 3-phase, top-to-bottom. For star, see Figs. 31, 32 and 33. For delta see Figs. 


36, 37 and 38 
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TABLE 5.—CONNECTIONS FOR ENDS OF GROUPS FOR 4-POLE, 3-PHASE, Star J-T 
WINDING 


Connect together group ends having same number or letter. Line leads are indi- 
cated by letters. A star connection is shown by (*) 


4-pole, 3-phase, star, top-to-top. See Figs. 29, 30 and 33 

























































































Polé: NOG ascneie eno I II Til IV 
Group eNO. seveunce sole eee gh ae eal goa ce ne 10 |} 11 | 12 
Fig. ae BiT BIT BIT BT BIT BT BIT BIT BIT BIT B 
Series.......... 29 |A 1/2 3/C 415 1/2 67 45 8/* 67 OF BIB 3I* 9 
2-parallel....... SON wef ee ae ea ee ee Lay it ae na | me ee ee ea ee 


4-parallel....... ao, 4 ie BE Be AIB U** GA a BiG. A A AIRC 
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TABLE 6.—CONNECTIONS FOR ENDS oF GROUPS FOR 4-POLE, 3-PHASE, STaR T-B, 
WINDING 


4-pole, 3-phase, star, top-to-bottom. See Figs. 31, 32 and 33 






















































































POlE NG tte Net ee i II il IV 
Group No............) 1 | 2] 38 | 4] 5] 6.) 7 | 8} 9 | 10/ 11) 12 
Fig. |T BIT B/T BIT BIT BIT BIT BIT BIT BT BIT BIT B 
MOTIES Lakes 31 {A 1* 2)C 3/* 415 6/* 71 8/12 63 94 S8IB 57 9. 
2-parallel....... Seatrack ae | eae ae 


4-parallel....... 33 Oe Bee HE AIR HS CIA #* BIC #]* Ale #1 CE 
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CHAPTER XI 


FOUR-POLE, THREE-PHASE, DELTA DIAGRAMS AND 
CONNECTING TABLES 


For the odd coil grouping charts see Chapter X (4-pole, 3-phase, 
star). ‘To change a series-delta T-T connection to'a 2-parallel delta 
T-T, consult Figs. 34 and 35 and Table 7, first and second lines. 

The same changes as mentioned in Chapter X (3-star) can be made. 
by consulting the diagrams and tables covering the old and desired 
connection. 

To change a series-delta, T-T connection to a series-star T-T, use 
Figs. 29 and 34 and Tables 5 and 7. The series delta T-T (Table 7) 
shows that the tops of groups 12 and 1 connect to the A line; tops of 
groups 3 and 8 to the C line, and tops of 10 and 11 to the B line, while 
Table 5 for the series-star T-T connection shows that only tops of groups 
1, 3 and 11 connect to the A, B and C line and that tops of groups 8, 10 
and 12 are star connected. Then cut the tops of groups 8, 10 and 12 
away from their respective line leads in the series-delta diagram (Fig. 34) 
and connect these three tops together to form the star connection. 

A little study of these tables and diagrams will reveal the number of 
different combinations that can be worked out. 
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TABLE 7.—CONNECTIONS FOR ENDS OF GROUPS FOR 4-POLE, 3-PHASE, Detta T-T, 
WINDING 
4-pole, 3-phase, delta, top-to-top. See Figs. 34, 35 and 38 

























































































Pole No. i. s.0cnce2x Petey: I II III IV 
los ete a 
Group No.... eae eke 1 2 oS 4 5 6 7 8 9 10 11 12 
| : | | | 
Fig. | T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B 
j | | 
Series.............| 384 |A 1/2 3/C 45 1/2 6/7 4/5 8\IC 6/7 9B 8B 3\A 9 
2-parallel La A Aarne | 35 46 ‘iC 64 [66 “lp 46 B a 66 A 64166 a6 C aejee eles eles a6 
_ Asparallel.......... | 38 |" a BI ae AIB cla cjA Bi BIC Ale ale oi Cc 
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SERIES-DELTA 
T-8 
FIG.36 





TABLE 8.—CONNECTIONS FOR ENDS OF GROUPS FOR 4-POLE, 3-PHASE, DELTA T-B, 
WINDING 
4-pole, 3-phase, delta, top-to-bottom. See Figs. 36, 37 and 38 































































































POLE TINO oe ge cee coe ae ee I | II III IV 
| 
Group No........ eras ned 2 | 3 4 5 6 7 8 9 10 11 12 
| 
| | : 
Fig. | T-B | T-B | T-B | T-B ;, T-B | T-B | T-B | T-B | T-B | T-B | T-B | T-B 

| | 
Series............. 36 |A 11C 2|\C 3\B 415 6A 71 8|2 an 9/4 ls 5|7 9 
2-parallel HG Ree ee 37 sé ‘ COG solee Cc" se}e B ‘4 B sé A ey A oe ea]e6 C 
4-parallel.......... 38 | Pl Bi Al“ AIB a CIA Be BIC an Al« ce Cc 
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CHAPTER XII 
SIX-POLE, TWO-PHASE DIAGRAMS AND CONNECTING TABLES 


On 6-pole, 2-phase windings, there are four connections obtainable; 
that is, series, 2-, 3- and 6-parallel. The diagrams will enable any 
reconnection desired to be easily made. 

To change from a series T-T to a 3-parallel] T-T connection, use the 
diagrams in Figs. 39 and 41 and Table 9. Compare the lines one and 
three. Jumpers 3, 4, 7 and 8 are cut open and the tops of groups 3 and 
7 connect to the A. line; tops of groups 4 and 8 to the B, line; tops of 
groups 5 and 7 to the A line, and tops of groups 6 and 10 to the B line, 
requiring four jumpers to be cut open and the leads taped. 

For changing series T-T to 2-parallel T-T, see Figs. 39 and 40, Table 9, 
lines 1 and 2. Note that the bottom jumpers 5 and 6 are cut and the 
bottom of group 5 is connected to the A: line; bottom of group 6 to the 
Bz line; bottom of group 7 to the A, and bottom of group 8 to the B line. 

A top-to-bottom diagram can also be changed over to any top-to-top 
diagram if the coil grouping necessitates the change. When changing 
from series T-B (Fig. 42, Table 10) to 2-parallel T-T (Fig. 40, Table 9) 
on comparing the tables, we find that it would be better to remove all 
jumpers and connect up new, as groups 1 and 2 are the only ones that 
can be left unchanged. 

If the machiné under consideration is connected in a different manner 
from any of the diagrams given, find its type; that is, T-B or T-T series 
or parallel, ete. Then select two figures in the proper chapter and note 
the changes required. This information can then be applied to the 
winding as all connections follow the principles outlined in previous 
chapters. 
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Cart E.—Unequat Cort GROUPING FOR 6-POLE, 2-PHASE, WINDING 
6-pole, 2-phase, top-to-top connections. See Figs. 39, 40, 41 and 42 





Group numbers 








Coils 

1 2 | 3 4 | 5 6 | 7 8 | 9 10 11 12 
18 2 2 1 1 2 2 1 E 2 2 1 1 
*18 2-1 1 2 2 1 1 1 2-1 2 2 1 1 

54 4 4 5 5 4 4 5 5 4 4 
*54 5-1 4 5 5 4 4 4 5-1 5 5 4 4 
62 6-1 5 5 5 5 5 5 6-1 5 5 5 5 
80 6 rf 1 6 7 7k 6 7 7 6 7k 7 
86 8-1 7 7 7 7 7 7 8-1 7 7 7 te 
90 7 7 8 8 7 7 8 8 7 7 8 8 
*90 8-1 7 8 8 c 7 7 8-1 8 8 7 a 
104 8 9 9 9k 9 8 8 9 9k 9 9 8 
128 10 11 11 11k 11 10 10 11 11k 11 11 10 
135 12k 11 1] 11 12-1 11 11 12k 11 11 11 11 
150 12 12 | 13 13 12 12 13 13 12 12 13 13 
*150 13-1. 12 '#°.13 13 12 12 12 13-1 13 13 12 12 
160 14k 13 13 14k 13 13 14k 13 13 14k 13 13 








k A coil‘is killed in each group where this symbol appears provided it appears also in the Main Table 
for this winding. 
* Use this line where an asterisk (*) appears in the Main Table (see pages 8-9). 


TABLES 9 AND 10.—CONNECTIONS FOR ENDS OF GROUPS OF 6-POLE, 2-PHASE WINDING 
Connect together group ends having same number or letter. Line leads are indi- 
cated by letters. 
6-pole, 2-phase, top-to-top. See Figs. 39, 40, 41, 45 








Pole Number........... | I 


GTOUD ING fe.7 po ie he ae Poe feo) a ee ||| 6 P40) | ar | 























Series............ 39 IA 1B 2\)3 114 213 5/4 6/7 5/8 617 9/8 10;Ae 9/Be 10 
2-parallel Re Ree a oa 40 6é 66);466 eles ée}ee 6elee Az 64 Be 66 A 46 B 46 eaesee Oye epee a6 
3-parallel......... 41 | “IS “lA “IB, “IA S5IB 6lAc SBe GIA “IB “SY SY Of 
6-parallel......... | 45 |** Aal’ Ly AlBe BiA AeiB BelAe A|Ba BA A2iB Boi Aj‘ B 
6-pole, 2-phase, top-to-bottom. See Figs. 42, 43, 44, 45 
Series............ 42 |A 1!IB 2/A2 3/Be 411 5/2 6/38 7/4 8/5 916 10/7 98 10 
2. llel i eed) Panta rice 43 46 eles 64) 66 Gales alee cles 64) 46 aay ee epee Ao a6 Bo “6 A aé B 
3-parallel......... 44 jth eyes eayee eaten TE Aal* Bal’ Al BIA 9IB 10jA2 9/Be 10 


“Al BIA A2iB B2jAz A\Bz B/A A2|B BejAe AIBz B 
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CHAPTER XIII 


SIX-POLE, THREE-PHASE, STAR DIAGRAMS AND CONNECTING 
TABLES 


With a 6-pole, 3-phase winding there are eight conections possible. 
that will give a voltage change; namely, series, 2-, 3- and 6-parallel star 
and a change to series, 2-, 3- and 6-parallel delta or vice versa. 

To change from series star T-T (Fig. 46) to 6-parallel star T-T (Fig. 
52) use Table 11, line 1 and 4 which shows jumpers 6, 8 and 10 are cut 
open and that the bottom of groups 5, 7 and 9 become star leads and the 
bottom of group 10 to the A line, bottom of group 12 to the C line, and 
bottom of group 8 to the B line. 

To change a series star T-B winding (Fig. 49, Table 12) to a 2-parallel 
T-T winding (Fig. 47, Table 11) we find that the number of changes 
involved are such that it would be quicker and cheaper to cut off all- 
jumpers and leads and connect up as a new winding. ‘The line leads can 
be left attached to groups 1, 3 and 17 so that the old lead cables can be 
used and tops connected to the other three groups. 

To change a series-star T-T winding (Fig. 46) to a series-delta T-T 
winding (Fig. 53) use Tables 11 and 13 which show the only change is to 
cut open the star and connect the top of groups 14 to the C line, top of 
group 16 to the B line and the top of group 18 to the A line. 

Any other change can be checked by consulting the proper diagrams 
and the lines in the respective tables for connections of ends of groups. 
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Cuart F.—Unrquat Com Grourine For 6-POLE, 3-PHASE, STAR AND DELTA 
WINDINGS 
6-pole, 3-phase, top-to-top and top-to-bottom, see Figs. 46 to 59 


Group numbers 





Coils 
123a[ 456/789 10 11 12 | 13 14 15 | 16 17 18 
24 Dy Gls I { 2 1-2. 4 2-2 i ok 2 bk O21 
48 2 “3. 73 6. 3 2 oa 2 -3 2 Gone So oOo 2 2 
60 4 3 8 3 3 4 3 4 3 A 3. 3 3 3 4 3 4 83 
62 4 3 8 3 3 4/414 3 4 3 38 so 3 4 3 44-1 
80 5 4 4 4 4 5;5-15 4 5 4 4 4 4 5 4 5 51 
84 45°55 5 5 4 5 4 5 4 5 8 5 5 4 5 4 5 
86 4 5 5 5 565-1] 5 4 5 4 5 5 5 5 4 5 5-1 5 
96 6 5 5 5 5 6] 5 6 5 6 5 5 5 5 6] 5 6 & 
104. 5 6 6 6 66-1! 6 5 6 5 6 6 6 6 5 6 6-1 6 
120 6 7 7 ir 6 7 O-7 6 7 7 7 7 6 7 67 
128 Fil? = t 18-1) 7-7 7 ee ST 7 7 7)8-17 7 
7135 8 7 8 7 8 7 8 7 8 7 8 7 8 7 8 7 8 7 
7135* 8-1 8 8 © tho 8 8-1 8 liek RE 8 8 8-ll 7 7 7 
150 9 8 8 8 8 9 8 9 8 9 8 8 8 8 9 8 9 8 
156 8 9 9 9 9 8 9 8 9 8 9 9 9 9 8 9 8 9 
+160 919 9| 9 9 9k} 9 8 9 9kK9 9; 9 9 8| 9 9k9O 
*160 919 9| 9 991) 9 8 9|9-19 9] 9 9 991 9 
168 10 9 9 9 9 10 910 9/;]10 9 9 9 910 910 9 


240 14 13 138 | 13 13 14 | 138 14 13 | 14 13 13 | 18 13 14] 13 14 13 


+ These groupings are not for top-to-bottom connection. 

k A coil is killed in each group where this symbol appears provided it appears also in the Main 
Table for this winding. 

* Use this line where an asterisk (*) appears in the Main Table (see pages 8-9). 
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CHAPTER XIV 


SIX-POLE, THREE-PHASE, DELTA DIAGRAMS AND CONNECT- 
ING TABLES 


This chapter uses only the delta diagrams. Connecting Chart F 
must be consulted for odd coil groupings. By the proper selection of the 
diagrams and tables any possible change can be made from series delta 
T-T (Fig. 53) to 2-parallel delta T-T (Fig. 54 and Table 13); or from series 
delta to a series-star or 2-parallel star, etc. 

The majority of reconnections on 6-pole windings will be from series 
to 2-parallel or vice versa. 
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CHAPTER XV 


EIGHT-POLE, TWO-PHASE DIAGRAMS AND CONNECTING 
TABLES 


This chapter consists of seven diagrams and three tables. The pos- 
sible connections are series, 2-, 4- and 8-parallel. 

A change from 2-parallel T-T (Fig. 61) to series T-T (Fig. 60) can 
be made by consulting Table 15. Here we find that the tops of groups 7, 
8,9 and 10 are cut from the line leads and the tops of groups 7 and 9 joined 
by a jumper number 7 and that the tops of group 8 and 10 are also joined 
by a jumper number 8. Thus the change is made by cutting open four 
leads and putting on two jumpers. 

On changing from a.series T-B (Fig. 62, Table 16) to a 4-parallel T-T 
connection (Fig. 62, Table 16), we find that the tops of groups 1, 2, 3 and 
4 are not changed, and that the bottom of groups 1, 2, 5, 6, 9, 10, 13, 14, 
15 and 16 are not changed. Jumpers number 3, 4, 7, 8, 11 and 12 are 
removed and the other jumpers cut open and reconnected as shown in the 
table. 

The best method would be to take one leg of each phase circuit out at 
a time and make the connections as called for. 
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CHart G.—UnrEQUAL Com. GROUPING FOR 8-POLE, 2-PHASE WINDINGS 
8-pole, 2-phase, top-to-top. See Figs. 60 to 66 





Group numbers 





Coils 
1 2 | 3 4 | 5 6 | 7 8 | 9 10 | 11 12 | 13 14 | 15 16 
1 
24 | 2 1 1 2| 2 1 1 2) 2 1 1 2) 2 1 1 2 
36) 3k 2 2 2] 2 3k | 2 2| 3k 2 2 2] 2 3k | 2 2 
54 | 4k 38 | 4-1 313 4k | 3 3} 4k 3 3 420) 3) 4k 3 3 


rm emcee | | eS | | ee | ne | Rea | einen attra IG 


oe enemy | cee EARS | eats | Pt eee | yee | eR RY | prea scarsae | eee nT AEDES | Ent 


ne rer terres eee res | eer | ee | eR | eae [teeter ec seat, 


Scereeshteemmementemneened Kenmemnnerinennneneeninenenemmeimmiemnnnememmmmnndt Genmmmnaeaemnemmmeenmeemememmnmen ae Tol Carmenere tnemeeeememnanseemeenmneneeenndt Vemmmmemmmmmmmmmemmnneemmmremmnmmerns aati Wemmmmmenansemreeenenee ere cemar eel meee orien eeepc erm 


crn ere a | mr | fer | | tert fe py 


168110 10 | 11 11]10 10 | 11 11/10 10 j 11 11/10 10 ] 11 11 
180 | 12k 14 11 11} 11 12k] 11 11 |] 12k 11 11 11/11 12k] 11 11 
216} 14 14 | 18 13}14 14 | 13 13/14 14 | 18 13|14 14 | 138 13 





k A coil is killed in each group where this symbol appears provided it appears also in the Main 
Table for this winding (see pages 8-9). 
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CHAPTER XVI 


EIGHT-POLE, THREE-PHASE, STAR DIAGRAMS AND CON- 
NECTING TABLES 


This chapter contains seven diagrams, one coil grouping chart and 
two connecting tables. The grouping chart is also used in conjunction 
with 8-pole, 3-phase, delta diagrams. The connections possible are 
series, 2-, 4- and 8-parallel star and from star to delta using any of the 
above connections. The majority of reconnections are from series to 
2-parallel star or vice versa, series to 4-parallel or 2- to 4-parallel. 

When changing from series star T-T (Fig. 67) to a 2-parallel star T-T 
(Fig. 68) Table 17 shows that jumpers 9, 11 and 13 are cut open and the 
tops of groups 8, 10 and 12 are connected to the star, the top of group 11 
to the B line, the top of group 13 to the A line, and the top of group 15 to 
the C line. | 

When changing from 4-parallel star T-B (Fig. 72) to 2-parallel star 
T-B (Fig. 71) Table 18 shows that the star connection to the bottom of 
groups 5, 7 and 9 are cut open and also the tops of groups 11, 13 and 15 are 
cut from their respective line leads. Jumpers are then put on connecting 
the bottom of groups 5, 7 and 9 to the tops of groups 11, 13 and 15 or 
jumpers 6, 8 and 10 are put on. 

A quick idea of the changes involved can be had from the tables for 
any reconnection desired even star to delta. Changing a star connection 
to delta simply means opening the star connections and connecting each 
free end of the proper line lead. This the tables show at a glance. 
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CHart H.—UneEquaL Cor, GROUPING FOR 8-POLE, 3-PHASE WINDINGS 
8-pole, 3-phase, top-to-top, for star see Figs. 67, 68, 69, 73; for delta see Figs. 74, 75, 76, 80 


Group numbers 


Ck) —————— ee ee Ss Ss 
1 2 3 4 3 6 7 8 9 jt0 11 12|13 14 15]16 17 1819 20 aifee 23 24 
36 {2 Me Pees D2 tat ek 2 112 £2 2 Pigs eo hy 2 1 
54 «|3 2 2 |2 3 Oto: eee <> 2 2 218 2 2/2 8 Z2\2 2 3422 42 
60 [3 2 3 (2. 8 Zao ee BS ee 3 2/38 2 3 {2 8 2139 2 81/2 3 2 


— ef | [| | | J 


ee | | | OY O_O 








s6 |4 4-1 4 |3 4 3.4, <8 43” Ja 4ST 93) a sea Sd SSe acs ay. 28 
90 13 4 4kl5 8 Aak avg la) “4k 4 lg. 4 -gkiq. 3 414k 4 314 4k 4 
104 [5k 4 414 5k 4]4 4 5S5SkKl4 5-1 45k 4 414 5k 414 4 5Kla 4 5-1 
108 15 4 514 5 415 4 514 5 4/5 4 544 5 415 4 514 5 4 
128 jek 5 515 6k 5 |5 5 o6kl5 61 5 lok 5 515 6k 515 5 o6kl5 5 61 
135 16 61 6(|5 6 5le6 5 5kl6e-1 6 5(|6 5 615 6 6116 5 615 6 5 
150 I7k 6 616 7k 6\6 6 7k6 6 617k 6 6\6 7k 616 6 7k 6 6 
156 |7 6 7/6 7 GIF 3B OT es OF BT <6 16.7 617 6716 7 6 
160 17> TI TNT Bs aa ee BOT 6 NG 7. PTET “657 16. 7 6 
180 |8 7 8|7 8 WN. Sie eg Re PGT 8 rong Wa ig lS. CP BT Re oe 





&-pole, 3-phase, top-to-bottom. For star see Figs. 70, 71, 72, 73; for delta see Figs. 77, 78, 79, 80 


Group numbers 
Coils 
1 2 3| 4 5 6 7 8 alto 11 12|13 14. 15 
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——— | . | | | | 


108 |5 4 544 5 4/4 5 45 4 515 4 54/4 5 4/4 5 4 |5 4 5 
1228 jok 5 5/5 6151/5 ok 515 5 o6kis 5 o6kls 6k 5/5 61 5 lek 5 5 
135 |6 5 616-16 515 6 516 61616 5 615 6 6115 6 516 5 6 


--o-ooerr—EroO”™_rrorooeaeeeE———_—__OX_——_—— | | | | | | 


rma 
———— | | | | | ee 


160 |7 7-1 7/6 7 7-11 7 6|7 6 7 |7 717/16 7 7-16 7 6 
180 |8 CST Be ENE 38 7|8 7 8 {8 7 8 |7 8 7/7 8 7 {8 7 8 


- KA coil is killed in each group where this symbol appears provided it appears also in the Main 
Table far this winding (see pages 8-9). 


CHAPTER XVII 


EIGHT-POLE, THREE-PHASE, DELTA DIAGRAMS AND CON- 
NECTING TABLES 


For odd coil groupings use Chart H for 8-pole, 3-phase, star in Chapter 
16. With the delta diagrams, the same reconnections are possible as 
explained in Chapter 16. A change from a delta to a star connection can 
be made by the selection of the proper diagrams and tables and noting 
the points where changes occur. 

When the change seems confusing, study the tables for top lead changes 
only, then for bottom, etc., and make the changes as the winding diagrams 
are checked. 
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-POLE 
3-PHASE 
SERIES-DELTA 








CHAPTER XVIII 
TEN-POLE, TWO-PHASE DIAGRAMS AND CONNECTING TABLES 


With 10-pole windings the possible connections are series, 2- 5- and 
10-parallel. By far the majority of reconnections are from series to 
2-parallel or vice versa; or changing from a T-B to a T-T connection to 
permit a parallel connection with a certain coil grouping arrangement. 

A change from a series to a 5-parallel connection would enable a 
1100-volt motor to be used on 220 volts or series to 10-parallel on 1100 
to 110 volts, ete. 


Cuart K.—Unequat Cort Grouping ror 10-PoLE, 2-PHASE WINDINGS 
10 pole, 2-phase, top-to-top connections. See Figs. 81, 82, 83 and 87 





Group Numbers 
No. 
Coils 





1 2/3 4/5 6; 7 8/9 10]|11 12]13 1415 16/17 18/19 20 
































Se | | ES | ee | Ts | es | a | eee | eenceeeee | eeeneennseenrecte | pererepnercenacnren eeernarest 


ne | ens | ee | ees | ee newree | meneame | ence | eens | eeeeeeeneestnges Pf eegeeneneerenerecheeniere 


| nearer ae | A | er | | | | | en 


108 |}6 5/5 616 5/5 6/5 5/6 5/5 6/16 5/5 615 5 
128 |7 66 717 6|6 7/6 6|7 6/6 7/17 616 7/6 6 
135 |\7-1 WZ) 66 7) 7 6) 7 -F71 717 Fle 717 ~61 7 77 
1 Se ci i er aac 7 Ve ey Cal cae Vey ag lle =) CA 
150. | Seh0 AT BB R TR, VT  ST oR esl e soar Ge 6g 
156 |7 88 8/8 7/8 8/8 8:17 818 8/8 718 818 8 


LLL TS | sees | veces |e nee | cence fe | eee NOnenO 


216 ;10 11/11 11/11 10|11 11/11 11/10 11/11 11311 10]11 11411 11 


KA coil is killed in each group where this symbol appears provided it appears also 
in the Main Table for this winding (see page 8-9). 
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TABLES 21 AND 22.—CoONNECTIONS FoR ENDS oF Groups OF 10-POLE, 2-PHASE, 
T-T anv T-B WINDINGS 


Connect together group ends having same numbers or letters. Line leads are indi- 
cated by letters. A star connection is shown by (*) 


TABLE 21.—10-POLE, 2-pHASE, Top-To-Top. SEE Fias. 81, 82, 83 anp 87 







Pole No. 















































Group No. Fig. 1 2 3 6 7 8 9 10 
Series.......... 81 A LIB 23 i a al, 67 5/8 6|7 9)8 10 
2 Parallel Orn te 82 6é eles as is 66) 66 esl] ae 66, 66 66) 66 acl oa Ag 66 Be 
$$ | | | |—__ 
5 Parallel......... ae ie “TAe ‘“SBe “SA "aS “TAs ‘“TBe “lA 9B 10 
10 Parallel ........ 87 |'* Aosl*’ BelAe AlBe a A2?'B BelAe AlBe BIA AdiB~ Ba 

| 
Pole No. VI VII VIII Ix x 

Group No. 11 12 13 14 15 16 17 18 19 20 
MGTIO otic iia tun de siete 11 912 10/11 13/12 14/15 13/16 14/15 17/16 18)Ae 17|Be 18 
2 Parallel Lor SES Led aaa (he nh 66 al" B 66 Cel ee 66) ee oe; ee eles 6G] be acl ¢e OOlee “6 
| |__| ____ _—__ —_|—_— + — 
DPA allels views, cc Sucka ee atard Ae 9 Ba 10 A | “Ao lp, “yA “B ote A " 
LOMParallel Gu 2 ian realy Ag oe BA AeB BeA2 AlBe BA Az2B BeolAz ABs B 





ea ee fe 


TABLE 22.—10-POLE, 2-PHASE, Top-To-BoTToM. SEE Fias. 84, 85, 86 aNnpD 87 


Pole No. ; I II 





























Series.......... 84 |A 11B 2}A2 3/Be 4/1 5/2 6)3 74 815 916 10 
2 Parallel eae icr, 85 6¢ Gales ecleée 66166 Geles Gel ee acpas ecice Gohac Gatae 6é¢ 
5 Parallel foe ead 86 46 6, 66 eelee eel ee acyee Ao é Bo 66 A 6a B A 46 B sé 
10 Parallel......... 87 |‘ Adi‘ Bal‘ Al‘ BA <A2B BzeAe AiBz2 BIA AB Be 
Pole No. VI | VII | VIII IX xX 

Group No 11 12 13 14 15 16 17 18 19 20 
DELIES Gy ste woekmavhetos 7 11/8 12/9 13)}10 14/11 15512 1613 17/14 1815 17|)16 18 
2 Parallel Ree I ae RE» nee 6é aé)ae Capes aelee acjae Gal ae be}ac Ao ae Bo 6a A ¢¢ B 
@, Parallel ui ie be eas As “Bo “I Age Ber Al‘‘ BIA 17:'B 18|Ae 17/Be 18 
B BeiA2 AlBe B 


AO Pagallel ye oe RAY Ao AB BIA AB BA: AlB. BIA Ag 
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CHAPTER XIX 


TEN-POLE, THREE-PHASE, STAR DIAGRAMS AND 
CONNECTING TABLES 


This chapter covers all the 10-pole star connections. The tables and 
diagrams enable any possible reconnection to be made. The methods of 
using the tables has been explained in the previous chapters. This 
consists of selecting the two diagrams that give the present and desired 
connection with the respective tables. Then note the changes required. 
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CHAPTER XX 


TEN-POLE, THREE-PHASE, DELTA DIAGRAMS AND CONNECT- 
ING TABLES 


In this chapter are grouped all the 10-pole delta diagrams. For odd 
coil groupings use chart L in Chapter 19. The tables and diagrams 
with the data in previous chapters will enable any connection within 
the range of the diagrams to be made with a little study. Also changes 
from delta to star connections can be made as mentioned in other 
chapters. 
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CHAPTER XXIl 


TWELVE-POLE, TWO-PHASE DIAGRAMS AND CONNECTING 
TABLES 


In any 12-pole motor there is the choice of six connections; namely, 
series, 2-, 3-, 4-, 6- and 12-parallel. By proper use of the diagrams and 
tables quite a number of connections can be made. The series, 2-, and 
4-parallel winding can be used for 440, 220 and 110 volts and these form 
the majority of reconnection cases. 

To change from 2-parallel T-T (Fig. 103) to 4-parallel (Fig. 105) 
Table 27 shows that the bottom of groups 5, 6, 7 and 8 are changed or 
jumper 5 and 6 are cut open and the ends connected to the lines as indi- 
cated in the table. Groups 17, 18, 19 and 20 are also changed in the same 
manner. 

To change from series to 4-parallel, the table will also show where a 
change in jumpers is necessary. 


Cuart M.—UNEQUAL CoIL GROUPING FOR 12-POLE, 2-PHASE WINDINGS 





12-pole, 2-phase, top-to-top connections, see Figs. 102, 103, 104, 105, 106 and 113 





Group Numbers 









































No. 

Coils 
; 1 2/3 4/5 6 |7 8/9 10/11 12113 14/15 16|17 18/19 20/21 22/23 24 
36 2 2)1 1 {2k = 2k1 1512 2/1 2\2 2 |1 1j2 21 1 12 2/1 1 
54 3 2 |2 212 3 |2 2 {3k 2|2 2|2 3 |2 2 |3 2 |2 2 |2 3k|2 2 
60 3k =—8kKI2 2 13 3 2 2 13 3/2 2\38* 32 213 SZ) Vets 3 \2 2 


ere ever nee | nee | ence | gre | a | NS | | | | — | nS | As | LL LAL 


tre | nee | | ns | | ES |S |S |S |S | A | KS 


86 4k 4k 13 3/4 4/|4-1 3/4 4/3 3\4k 4k 
90 3 

104 5 4/4 5/4 4/5 41/4 5/4 4|5 
108 5k 

128 6 5 |5 6/5 5 |6& 515 6/5 5/6 5 |5 6h5 5 
135 6 

3150 v7 =666 16 6/6 7 6 6 |7 6\6 6/6 7k 6 6 |7 6 |6 66 7 |6 6 
156 7k TK6 6/7 7 |6 6 |\7 76 67 = 7E6 6 |7 7 


ee | eens | REN | even, | eee | as | ee | EE | |S | AS | SL SRITES 


160 6 6 6 |7 
180 St 87 718 8|7 748 8/7 7/8 = 8k.7 7|8 817 718 817 7 





k A coil is killed in each group where this symbol appears provided it appears also in the Main Table 
for this winding (see pages 8-9). 
§ All connections can be had by killing one coil in each group of seven coils. 
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CHAPTER XXII 


TWELVE-POLE, THREE-PHASE, STAR DIAGRAMS AND 
CONNECTING TABLES 


The connections available are series star and 2-, 3-, 4-, 6- and 12- 
parallel star. 

To change from series star T-T (Fig. 113) to 4-parallel star T-T 
(Fig. 116) use Table 29 which shows that jumpers 6, 8 and 10 are cut open 
and the bottom of groups 5, 7 and 9 connected to the star ring; the bottom 
of group 8 to the B line; the bottom group 10 to the A line; the bottom 
of group 12 to the C line. Then jumpers 15, 17 and 19 are cut open and 
the tops of groups 14,:16 and 18 are connected to the star ring; the top of 
17 to B; the top of 19 to A and the top of 21 to C line. Then jumpers 24, 
26 and 28 are cut open and the bottom of groups 23, 25 and 27 are con- 
nected to the star ring; the bottom of 26 to B; the bottom of 28 to A and 
the bottom of 30 to the C line. This completes the change. 

The changes from one 7'-B to another T-B connections are worked out 
in the same manner. For example, when changing a series-star T-B 
(Fig. 118) to a 2-parallel star T-B (Fig. 119) Table 30 shows that the short 
jumpers 30, 32 and 33 are cut open, the bottom of groups 29, 31 and 33 are 
connected to the star ring and the bottom of 32 to B; the bottom of 34 
to A, and the bottom of group 36 to the C line. 

The change from a star to any delta winding can also be made by using 
the proper figures and tables, as explained in the proceeding chapters. 


149 


150 


REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 





151 


STAR DIAGRAMS AND CONNECTING TABLES 


ola ale 














OD wle »/V  ole DO; ayle VO aie GUVs «le ViO «ie GV «ate OO ale Vi PITPled oI 
33 99199 99] 99 99] 99 0 39 99} 99 V 8S *1 99 a 9G * 8S VO VS * 9G V 9 * VS ad 33 *! 99 OD 93 *] 99 V soo Meee [Pete d 9 
9? 99199 99} 99 991 «99 2) 39 99499 9? OD 9? 9? 9) V 99 |* SATS | 29 |* 8S 9? CC'« TG 3 €S 9? OD 99 TS 9? V ah Porered Vv 
99 99199 991 99 99) 99 99 99 99] 99 9? 99 9? 9? 9) 99 99 9) Oo 9? 99 9) V 99 *) 99 aq 9) *!] 99 6T 99 *| 99 Li Perea Pleted g 
9) 99199 99] 99 99] 99 9? 9? 99] 99 99°) 99 9? 9) 99 | 99 3 9 99 1°99 9) 9 99 | 99 9? 9 9) 99 99 | 99 O 9) 9? 9 V a Ge iiss PHPted G 
€€ «(8 Ace « /€8 TE|O€ «/ZE 66 82 Te0€ LG|9S B6\8S SSIPS LEYS ESlSS a6, 06 1% 06 €ZiSG GIST 16,06 LY °° S8ttag 
ee 
9§ cE VE €€ oF 1g O€ © 8S LG 9G cS VG &S GG IZ 0G 6T ‘ON dno 
IIx IX XI IIIA EN ee JoquNnN 9d 
QO «lx AV ais ols «ix Vid xlx av ele OM «le WO «le GV «le »/G@ «le  /SOL | PTPted al 
9) * 599 d 99 * ry Oo 9? #199 V OT * 107 qd 8 * OT Oo 9 #199 V 9 *199 ad 9 * 99 99199 * 199 ATT iar ‘PPTRled 9 
99 * 199 d 9) #199 eT °) #199 Tl OD eT 9? 6 V TT * 9) ad 6 * 99199 99|% 99199 99199 99199 99599 9) OTT os * [PT[ered P 
99 6T 9 ST 9? LI 9) {) 9? Cl 9? V 9) #199 aq 9 *199 99)99 * 199 99199 99199 99199 99199 99499 99199 99 CIT os ‘[9[[B1Bd g 
9) * 199 d 9) * 99 99199 #199 99199 99199 99199 99199 99199 99199 99199 99499 99599 99)99 99199 99199 99 PIT ian ‘PLP led G 
OL BLISL SLIFLT LZI9T ELiZ?q SLiPL IT/OLT Elick 618 ITLOl 249 68 Sh L249 sat Fh OF at VEIT) - SOLIIg 
SE 2 OE OSE ses sace Ee || co OT 6 8 LZ g ‘Stq | “ON dnory 





IA A 


III 


Ra ny 1oquInnN 980d 


ee eee eee eee eee aera eae eee nnn ee eee aD 


EZ pus ZIT OF SIT ‘ssqq 90g «6*do}-03-doy, ‘189g ‘aseyd-¢g ‘ajod-gT 


‘(,) AQ UMOYS SI UOTJDOUTUOD IBIS V 


"SPBI] OUI] 9}VOIPUI S19940'T 


"109)9] JO J0quInU sUIvs SuIAvY Spus dnois 19440804 JoouU0,) 


SONIGNIM JJ, UVLG ASVHd-g ‘AIOd-ZI YOK SANOUL) AO SGN UOd SNOILOANNOO—'6Z FTAVI, 


152 REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 


“x oO 
SOL asc Ys 





2-POLE 
3-PHASE 
@-PARALLEL STAR 









STAR DIAGRAMS AND CONNECTING TABLES 


<i 

oF 

pl 

a 

| 

3 

re) 

AQ 

pod 

oe 

“Q 

rj 
wD. 
o& 
i 
ee 

1© 
aa 
am 

ft 
aA 
Mr 
isis 
ey Bb 
cn FH 

~ & 
cme 
ers 
< 8 
ae 

© 
eo 
& & a 

8 3 
“aN Q 
o8| § 
Bo iS 
4s < 
Pal § 
ty © ° 
oO 3} 
Se 

on 
oN 
7 we 
BY 
ee 
eh 
ae 
fs 
oO m= 
Ct 
Be 
ae 
gx 
eal” 
ES 

r= 
petites 
= ee 

r 
2 
<2 

wn 
Og 

3 

3 

[) 

o 

S 

S 

3} 

© 

fond 

8 

— - 

m Oe 

5 ec 

oy 


9 10 11 12 | 13 14 15 | 16 17 18 | 19 20 21 | 22 23 24 | 25 26 27 | 28 29 30 | 31 32 33 | 34 36 36 


7 8 


A AN NAN oO Of OD co HoH HoH iw Or 


mI N OO AN HOOD oH HOLD HO 


2 
1 
1 


2 
A ANN NAN oO oD oD co ss + x oh 





re a 
A te me OO OO Cee Od 08 ut) at at HO 
mI AN NNN co of OD CO <H <H +t x wh 


ae AN NAN NO OO co OD =H pao ey my 





we 
ae AN NAN N oO OO co oO sH o<H Ad 1d 
HAN NAN oD of OO oD ~<H OO Hox oH wd) or 


mo 
A ctr ee Nee NN HOO SH wH Ad aD HO 





ANN ANN oO oD oD co oH oH Hat tH Po kt 
ret 
Nee ro 00 NAN + | + 1 af 3A tH 


mI NN NAN OD OD OD OO ~H OD ss ot wd rt 





NA ms N CON OO HH oH sH Hug =H ~ 
rt 
et rt AN ies N OO OD oO OO <H ~sH xt 0 wd kt 


ae 
mM AN NAN oo OD OD CO =H oH sa x = id i 





rt 
mM HN NAN N OO ca 00 OD wre id i 
mM NN NAN oo OO OD oo <sH <H s+ tH oH wd or 


anernlanalanal wow | Bwow | wo 





mesa AN NNN N OO OD Oo OD <H + st wd i 
ro 

NA mM NO CON OD sH oH OD See tO 

men AN NAN N Oo OO co oo <H HoH UD wd i 





Nanna lHanwminnal aaa | Dow |] woo 
HHn | Annilannmn l/l owt i waa | orn 


mM ANN NNN oO OD CO HOD Ht wd tt 





mM NN NNN OO OD OO oD 
msm AN NNN N OO OD oD 
Pa 


NAN mr N CaN OD 





ao A NNN 


NAN ws 


ao A NNN 





NenlHrannanlanws] wot] wow] wo 
rei 
maa | cw | com | oo | | 


rt 
msm N NNN N oO oD oO OO =H ee wd tt 





mI AN NAN oD OD Of oO =H SH Ho wd 
art | NAN N oO OO co OD i) id i 


ANANaleoaowml ann ll waw |] bow | wo 





ODwHo N © tH oo xs © © ooo oo 
HID 6 Oo 0 0 DO © NAN wd am © oOo st 
= set et = et met AN 


k A coil is killed in each group where this symbol appears provided it appears also in the Main Table for this winding (see pages 8-9). 


153 


154 


REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 


6il'9is 


@-1 
avis TAVIWaVd-2 
ASWHd-f 
310d-<d1 





155 


STAR DIAGRAMS AND CONNECTING TABLES 





0 * |* v9 ale GV «ie OG «le Wi *  PTeted cf 














D 97 199 ? V 9) 1% 9? d 99 1% 99 | 99 ok | 99 | 99 *) 9) DO 9? *| 99 V OD 61 ? a V Al's 9T q CT * FI eae “TOT[PLe 9 
OD 99 [99 9? V 29 | ) d 9 |% 29>) °99 GG *® 99>) 99 &@ 9 GG 9? IG ) 0G CG *] 99 ST mS * GG O IG * 0% V i a a ‘[oT[Ple Pv 
€€ 9 199 9 G&S ”? €€ ” 0€ 9 GS 99199 * O€ 99199 #99 0 ? %*] 99 V 2) 99 | 99 d V 99 |* ) a ee ”? eee toe “TST[Pse € 
0 99 199 9 V 2° [& 3 d 99 |% ” ) 99 1% 9 ) 99] 99 99 | (99 99) 99 99 | 99 99 5 99 99 | 99 99) 99 99 | 99 9 1 99 ) en anes “PPT[eled G 


€€ Teg es Gace eGiUe LOTE IZLE SSO F26S ETS TZ/LZ 1Z|9S OZ|SS GIFS SITIES LTS OTITS STIOS FI) SEES 


| | 


<n TS oo 








9€ | GE | PE €€ GE T€ | O€ | 62 | 8Z | LE | 9Z | GO | FE | EB | TZ | 0@ | OT ton dnoay 


IIx | IX x XI | IIIA | IIA | coe "TIqUINN ed 


«ix gly | ola a | vio «it GiV «ix ola A VO wle GV ole wa 99 | wear ""**ToyTTesied ct 


61 * | * Gl Ze * OT ole «|VI VIO ” cl q V 99|* (A 59 \/* 99199 59 |* g9t99 99199 99199 99199 9 GGL "* * [9] [BIB 9 















O 99 ST a V 291% ) d 291% 99) 99 99\% 991 99 99)99 99199 99199 99199 99199 pid 99199 97199 99199 ) Tcl sass *"[O[[B1ed V 
PB ] g9[k 7 99] 99 99) 99 99) 99 99) 99 99) 99 99] 99 99) 99 99] 99 991°) Pd ” ; 99499 99199 9999 99) 99 99|99 99199 ? OcI be “ToT[ered € 
) 99} 99 x9 | 99 99 4 99 oo 199 97599 991 99 991 99 99) 79 99) 99 99) 99 99199 99199 9999 9479 99199 99199 99099 9 6IT oO *“ToT[eredg G 





61 ehee GILL TLj9T OLST 6IPL Ser Biel 9\IT FOr hy G8 TiZ «9 ae #/€ 06 ** 





: TWiST |"""*""sH0g 








SI | ZT | Of | St | FI et | 2 II | OT 6 8 Z 9 G v g Z I | 3 "ON dnoiry 








IA A Al Iil Il : I | ra fequinN ed 
pa I eS SS SS 
ZI ‘SSI ‘ISI ‘OSI ‘GIT ‘SIT “S81 eeg =" U10930q-04-do_, ‘BIg ‘osvyd-g ‘opod-Z] 
*(,) AQ UMOUS SI UOTOQUUOD IBIS Y ‘SPBO] OUI] OYROIPUI SI9}JeT ‘Jo}}0] JO JoquInU sues SuIAvY spue dnois 1043030} JoouU0D 
SDNIGNIM Q-J, UVLG ‘aSvHa-g ‘AIOd-Z[ HOU SdNOUD) AO SUNY UO SNOLLOANNOD—'OE ATAV I, 





REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 


156 


Oel'Ol4 
@-1 
YvLS TAVWAVd-t 


SSVHd-f 
310d-Ul 





157 


STAR DIAGRAMS AND CONNECTING TABLES 


¢erold 
@-LONVL-L 
AVIS ITWavd-el 
ASVHd-@ 


310d-el 





158 


Cuart N(2).—UnequaL Cort Grovupina (Top-To-BOTTOM) FOR 12-PoLE, 3-PHASE WINDINGS 


REPAIR SHOP DIAGRAMS AND CONNECTING TABLES 








oO 
cf aon ANNAN NN OO oD oD OD Hot Had ht 
S LNA aN oO co ODN OD << H HD LD HCO 
we 
BS main NAN NNO ce) 0 0D Hm Hag hk 
= 
Oo oD 
as oD ANN A N oO Oo N oD xh tH oD HD 1D <H CO 
~ 2 
0s Ss SHHNILNMAILANND | NM | Hinw | HOR 
ce = ss 2 2 
= a rmAN NNN No 0 oD oD oH Hot x Hint 
wn 
N 
90) © 2 2 ms 
mt on mean NAN NAN OS oD 6 OD HH dH Rue be 
= > 3 3 
m A HNN NNN No OD oD OD H OD <H oH Hon kr 
re 
= e Aa | Pao | oN | oo Heo | HID | 1 HO 
S. 
Oo 
= tk we rm ne 2 2 
N mANN NON No OO eset SH Ad oH Him 
o> 2 2 2 “2 Ry 
ql a i aN aA N oD SH OD HH LD id HO 
re 
: a HNN NAN No oD oD 0D CD <x an 
m 
an 
© amd 
fy x me re 
N Nwae m= | 3 ONIN co HH | tH Hu wot 
© oo 30 mi “2 
~ a mANN NNN N oD OO oD oD oH st st Hud hb 
— 
RR N ma HN NNN Ln oO 7 0D OD st HH Hud bt 
S N oD 
LS a ——<$<—<— = 
~— ea wa ne 
= a nN HAN NNN No OD oD 0D CD <x iD 
a o 4 seHnliannn!lanann | aan + + iD 
4 ae ae 
S E = NANA] AMM _ OMNI NWH | HH | OH © 
8| 2 ae 
mo Q, Co 
3 2 YH min NAN NN OO oD oO OD a 1d bk 
as 3 os NaNnnlHnmlanwmn lows | owin | mo woo 
° 
fy = ae NNN NN oD 6D OD a Hud be 
rr) us) ne 2 ne 2 
ay 4 NA mano oOo ON CD Hh oH sH +H 10 wD <H CO 
rm +H me a2 
aon NON NN OO | 9 oD Hud Hud 
N en 2 cs 
AQ oe r—eaAN NAN No oO a> 00 oo oH H HOR. 
ri 
re N re “2 we 2 
N re mes rN NNN aero Oo OD OD s+ st x sud kb 
re 
we we 
= = ANN LANA !L ADAM |_ MOM] HH [oo % 
° a mao mMAAN oD <H OD sH sHO19 LD HO 
a 
re 2 2 we 
= a ramAN NOON N 0 0 N oO H OD AD <H woh 
ri re 
” 00 Awe ino DOAN oo HH | sH HD > HO 
= “ : 
+ bt amAN NNN N 0 0 oD 0D oH so oH Hoo hb 
w ; 
ao 
tr co Aww aN oO ONAN oD <H OD st sH O10 wD HCO 
ri 
© 10> rmAN ee N 0 09 oD 0D oH CD HH HOO hs 
o 
wa a mn NNN NN OO on 0 09 st ost oH Hoo kh 
wm 
S 
LL Saas} = 
~~ oD TN NNN No 0 oD OD oH sH Hod ip tenes 
© 
2 J an 
a x) an NAN NN om 0D OD Hos OH iD 
oq we we x2 we we we we a2 
5 a NA mo 0D moO N Nt + od 2D > <H CO 
© 
to 
fa] 
nh 
ta én tolarnert);, ooo l.wow]} S09 
Oo 5 tin 6 CO © DAD ONN 1 19 Ooo + 
os AO Soe ee marin 




















# A coil is killed in each group where this symbol appears provided it appears also in the Main Table for this winding (see pages 8-9). 


CHAPTER XXIil 


TWELVE-POLE, THREE-PHASE, DELTA DIAGRAMS AND 
CONNECTING TABLES 


This chapter makes use of the coil grouping chart given in Chapter 22. 

When changing from series-delta T-T (Fig. 124) to a 4-parallel delta 
T-T connection (Fig. 127), Table 31 and Fig. 127 show that three lead 
rings are added. ‘Then the tops of groups 18 and 19 and bottoms of 
groups 9, 10, 27 and 28 are connected to the A ring, the tops of groups 16 
and 17 and bottoms of groups 7, 8, 25 and 26 are connected to the B ring, 
and the tops of groups 14 and 21 and bottoms of groups 5, 12, 23 and 30 
are connected to the C ring. 

From the above it is obvious that a delta reconnection of this nature is 
less confusing than a corresponding star change. 
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\2-POLE 


3-PHASE 
\2-PARALLEL DELTA 
T-T AND T-B 
FIG.134 





CHAPTER XXIV 


FOURTEEN-POLE, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


This chapter shows only the 7-7 type of diagram. For 2-phase 
motors there are four connections possible; namely, series, 2-, 7- and 14- 
parallel and the majority of reconnecting problems will be from series to 
2-parallel or vice versa. The use of the tables in conjunction with the 
diagrams for reconnecting has been explained in the previous chapters. 

When changing to a7- or 14-parallel connection considerable time can 
be saved if four lead rings are used. 

For 3-phase star motors this chapter includes a connecting table and 
odd grouping chart. The diagrams and tables will enable the following 
reconnection to be made, as required: series-star, 2-, 7- and 14-parallel 
star. Also a star connection can be changed to a delta connection by 
comparing the tables and data. 

For 3-phase, delta-connected motors, the odd coil grouping given in 
Chapter 23 for the 14-pole, 3-phase, star connections is also used in 
connection with the diagrams given in this chapter. The diagrams and 
tables in this chapter show how any connection, such as series to 2-parallel 
or delta to star, etc. is made. 
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TABLE 33.—CONNECTIONS FOR ENDs or Groups For 14-PoLE, 2-pHAsE, T-T WINDINGS 


Connect together group ends having same number or letter. Line leads are indicated 
by letters. 


14-pole, 2-phase, Top-to-top. See Figs. 135, 136, 1387, 138 
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Star and Delta Connections 
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Cuart Q.—Unequat Com GROUPING FoR 14-POLE, 3-PHASE T-T WINDINGS 
14-pole, 3-phase, Top-to-top. 
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TaBLE 34.—CONNECTIONS FOR ENpDs or Groups FoR 14-POLE, 3-PHASE, StTaR T-T 
WINDINGS 


Connect together group ends having same number or letter. Line leads are indicated 
by letters. A star connection is shown by (*). 


14-pole, 3-phase Star, Top-to-top. See Figs. 139, 140, 141, 142 











































































































Pole Number............ I | II | Ill IV | V 
Group Number Fig. | 1 2 3 4 5 6 7 8°] 9 10 11 12 13 14 15 
Series........... 139 |A 112 31C 45 112 617 415 89 6/7 10/11 8/9 12/13 10/11 14/15 12/13 16 
2-parallel Tee ores 140 66 66) 66 66166 6c) ee 66566 66/166 66) 66 66166 6c] 66 “é 66 66 &é &é 66 6é 66 66 66 66 See 66 
7-parallel......... 14g ge Te PUB EL RL Se EN sete Fela A Ali eT mes 
14-parallel......... 142 |" =F) BY F* APB F* CRA ** BIC 8 AIB *|* CiA ** BIC * 
| 
Pole Number............ VI | VII VIII IX | x 
Group Number.......... 16 17 18 19 20 21 22 23 24 25 26 27 28 | 29 30 
| 
| nee eae roatliee 
BETIOS eh Ours ss ks ae 14/15 18/19 16)17 20/21 18,19 22/23 20/21 24,25 22 23 26 27 24 25 28 29 26/27 3031 28 
2-parallel Aaa Dee aR ED” | es 66 * be 66) 66 * oe B se * se A 66 66] oe C &é 6c ee &é be sé 6c 66 se sé “e oé 
Toparallel, fons ee * “|B 18\* “jA 20/* 18/C 22/* 20/B “|* o2/A “i* “IG “le “IR owle 
14-parallel............... * (AB *)* Cc "* BIC *\* AIB *i* GA %* BIC *\* AIB 4|* C 
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TABLE 35.—CONNECTIONS FOR ENps or Groups 14-poLn, 3-pHASE, Detta T-T 
WINDINGS 

Connect together group ends having same number or letter. Line leads are indicated 
; by letters. 


14-pole, 3-phase Delta, Top-to-top. See Figs. 148, 144, 145, 146 


















































































































































Pole Number......}.... | I II | III IV | V 
Group Number....| Fig. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Series........... 143 A 112 3/C 45 112 67 415 819 6/7 10/11 8/9 12/13 10]11 14/15 12/13 16 
2-parallel Se 144 | oe 66 66/66 6G) 66 oe 6 66 6é 6é 66 6é 66 Ge lee 6é 6é 6é 6é 66 66 6é 6é 66 cé 66 66 6é 
7-parallel ........ wi “ic ““ “Bp SR “aA “SA Sic “ic "FBS SB. WAR “EVA Carnac. 
14-parallel ........; 146 |“ BIC Bi‘ AB App CiA oi BIC a AIB AIB CiA CiA BIC BIC A 
VI VII | VIII | Ix | xXx 
Group Number.......... 16 17 18 19 20 | 21 22 23 24 25 26 27 28 29 30 
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2-parallel ae he ce 66 ce C 66 66 6é B 6c B 6 A 6c A 6é 23 66 C 66 6c 66 66 cc bc 6 sé se 66 oe “ee 
7-parallel .............. B “|B 17|/A “IA 20)C 17\C 39/B 20/\B “'A 39/A “IC “IC “ 'B ‘Be WA 
14-parallel .............. B AIB CIA CjA ‘i AP AIB AIB ofa CiA BiC BIC a AB C\IA C 
Polé-NUMDER.. tens tek ae re renee XI | XII XIII XIV 
Groups Numbers sos ioe teat waar e: 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 
MOLIER aie rene soa reste hats eee neceerien a 31/32 29/30 33/34 31/32 ale 33 34 37\C 35:36 38/B 371B 3/A 38 
2-parallel Pen ee a eRe Nats Ne tae 6é ée 66 ae 6é ee 6é ce 66 és 66 sé 6e 66] 6¢ 66 [66 66 6e 66 166 eG [66 66 
Tar O Cle Ai rt ec neh Ne een ane anes x A, MEG “aCe ee PA. call A SEAS SEI a as Sess wihtn ies 8 8CL Ee” 286 
Psparallel ago kis SecGen we A BIC BIC AB AIB CiA CIA Bi* BIC Aj Al Ci C 
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CHAPTER XXV 


SIXTEEN-POLE, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


Unlike the previous chapters this and the following chapters includes 
all the 2- and 3-phase, 7-7 connections for each pole in the one chapter. 
Only one diagram of each type is shown, that is, series, 2-phase 7-7’, 
series star T-7, and series delta T-T. For the other connections possible 
on sixteen poles, use Tables 36, 37 and 38 which show that a series, 2, 4, 
8- and 16-parallel connection can be made. 

A motor can be connected directly from the tables by first connecting 
the coils in groups then tagging the top and bottom leads from the tables. 
See Chapter 6. 

This chapter contains three diagrams, three group connecting tables 
and two coil grouping charts. Figs. 147 and 148 are laid out with the 
mechanical method of locating odd coil groupings, as explained in Chapter 
III. The coil grouping chart Y is to be used for both star and delta 3- 
phase windings. By using the tables, a star connection can be changed 
to delta or vice versa. 
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CHAPTER XX VI 


EIGHTEEN-POLE, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


This chapter includes three diagrams, all series 7-7 connections, two 
group end connecting tables and two coil grouping charts. The Chart Z 
is for both the star and delta connections. | 

By using Tables 39, 40 and 41 and the methods and instructions 
outlined in Chapters 4 and 5, any of the following 18-pole, 2- and 3-phase 
connections can be made: Series, 2, 3, 6, 9 and 18-parallel or 6-parallel 
connections. | 

The tables can also be used to change from a star to a delta connection 
or vice versa, and to connect up a winding direct from the tables by tag- 
ging the group leads as explained in Chapter 6 on constructing a diagram 
from the tables. 
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TABLE 39.—CONNECTIONS FOR ENDS 


Connect together group ends having same number or letter. 


WINDINGS 


line leads. 


18-pole, 2-phase, Top-to-top. See Fig. 150 
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OF GROUPS FOR 18-POLE, 2-PHASE 7-T 
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See Figs. 150 and 151 


Cuartr U.—UNeEQquAL Coit GROUPING FOR 18-POLE, 3-PHASE T-T WINDINGS 
18-pole, 3-phase, Top-to-top, Star and Delta. 
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kA coil is killed in each group where this symbol appears provided it appears also in the Main Table for this winding 


(see pages 8-9). 
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3-PHASE 
SERIES-DELTA 
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FIG.152 
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CHAPTER XXVII 


TWENTY-POLE, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


The diagrams and tables of this chapter, including the coil grouping 
charts, will enable any of the following connections to be made: Series, 2, 
4,5, 10 and 20-parallel or six possible connections of each phase and type. 
Tables 42, 43 and 44 can be used to construct the above diagrams or the 
winding can be connected direct from the tables. 
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CHart V.—UNEQquAL Cor, GroupiNG FoR 20-POLE, 2-pHASE, T-7' WINDINGS 


20-pole, 2-phase, Top-to-top. See Fig. 153 
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k A coil is killed in each group where this symbol appears, provided it appears also in the Main 


Table for this winding (see pages 8-9). 


See Figs. 154 and 155 
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20-pole, 3-phasé, Top-to-top. 


Coils 
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CHAPTER XXVIII 


TWENTY-TWO POLE, TWO- AND THREE-PHASE, STAR AND 
DELTA DIAGRAMS AND CONNECTING TABLES 


On any 22-pole winding there are only four connections possible. 
These are series, 2, 11 and 22-parallel. The Tables 45, 46 and 47 will 
enable the desired connection to be made either by constructing a diagram 
from the table or using the table to connect up the winding direct. The 
coil grouping Chart U is to be used for both the star and delta connections. 
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TaBLE 46.—CONNECTIONS FOR ENDS OF GROUPS OF 22-POLE, 3-PHASE, STAR T-T 
WINDINGS 


Connect together ends of groups having the same numbers or letters. Letters indicate 
line leads. Star connections are indicated by (*). 


22-pole, 3-phase Star, Top-to-top. See Fig. 157 
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TaBLE 47.—CONNECTIONS FOR ENDS OF GROUPS OF 22-POLE, 3-PHASE, DELTa T-T 
WINDINGS 


Connect together ends of groups having same numbers or letters. Letters indicate 
line leads. 


22-pole, 3 phasé, Delta, Top-to-top. See Fig. 158 
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22-pole, 2-phase, Top-to-top. See Fig. 156. 


Cuart X.—UNEQUAL CoIL GROUPING FOR 22-POLE, 2-PHASE, 7-7’ WINDINGS 
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k A coil is killed in each group where this symbol appears, provided it appears also in the Main Table 


or this winding (see pages 8-9). 


See Figs. 157 and 158 


Cuart Y.—UnequaL Com Grovurina ror 22-poLr, 3-PHASE, STAR AND DextTa WINDINGS 
22-pole, 3-phase, Top-to-top. 
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72 
k A coil is killed in each group where this symbol appears, provided it appears also in the Main Table for this winding (see pages 8-9). 


CHAPTER XXIX 


TWENTY-FOUR, TWO- AND THREE-PHASE, STAR AND DELTA 
DIAGRAMS AND CONNECTING TABLES 


On any twenty-four pole winding there are eight possible connections, 
namely, series, 2, 3, 4, 6, 8, 12, and 24-parallel. Thus a high voltage 
3-phase machine can be reduced to a low line voltage with sixteen recon- 
nections possible (star or delta) as indicated above. 

The tables can be used to make up any diagram or the change can be 
laid direct on the winding from the tables. 
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-TaBLE 49.—CONNECTIONS FOR ENpDs or Groups OF 24-POLE, 3-PHASE, Star T-T 
WINDINGS 


Connect together ends of groups that have same numbers and letters. Letters indi- 
cate line leads. Star connections are indicated by (*). 


24-pole, 3-phase Star, Top-to-top, See Fig. 160 
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TABLE 50.—CONNECTIONS FOR ENDs or Groups OF 24-POLE, 3-PHASE, DreLta T-F 
WINDINGS 


Connect together ends of groups having same numbers or letters. Letters indicate 
line leads. 


24-pole, 3-phase Delta, Top-to-top. See Fig. 161 
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Cuart Z(1).—Unequat Com Grovpine FoR 24-PoLE, 2-pHAsE, T-7 WINDINGS 
24-pole, 2-phase, Top-to-top. See Fig. 159 
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k A coil is killed in each group where this symbol appears, provided it appears also in the Main Table 


for this winding (see pages 8-9). 


See Figs. 160 and 161 


Cuart Z(2).—Unequat Com GRoupiInG FOR 24-POLE, 3-PHASE STAR AND DELTA WINDINGS 
24-pole, 3-phase, Top-to-top. 
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k A coil is killed in each group where this symbol appears, provided it appears also | fis Main Table for this winding (see pages 8-9). 
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Number | Number Top to Top | Fig. No. 


of of Type of Connection or to Page No. 
Poles Phases Top to Bottom| Use 

2 Series.............. T-T 18 61 
2 2 Parallel............. T-T 19 61 

9 3 Series Star.......... TT 20 63 
3 2 Parallel Star........ T-T 21 63 
3 Series Delta........ T-T 22 65 
3 2 Parallel Delta....... 


er | pr ET | gee CRRA | gees, | pda 


eee eee © ¢ © © wo ee 


eee ee © © © © © @ we 6 


eee ee ee © we ew ew ew 


eee ee ee ee ew ew ow 


ee | cee RNR | psu a 











3 Series Star.......... 

3 2 Parallel Star........ T-T 30 75 
4 3 Series Star.......... T-B 31 77 

3 2 Parallel Star........ T-B 32 77 

3 4 Parallel Star........ 


a ce | pee ED | NR | CALS 






















3 Series Delta......... 

3 2 Parallel Delta....... T-T 35 81 
3 Series Delta........ ; T-B 36 82 
3 2 Parallel Delta....... T-B 37 83 
3 4 Parallel Delta.......; T-T and T-B 





porememstcnceemeneampemmnereenacemmmrnet cami | eA | | SEES | RS | 





2.) SOONeS: a2 ees 

2 ied Pavatlelanccct tae 3 T-T 

2 3 Parallel... 2c 8 ee T-T 41 87 
2 DCQICS soi). Peas T-B 42 87 
2 2 Parallélocccd eo ecsas T-B 43 88 
2 SIP ATaMel coco eh ce ae 8, T-B 44 88 
2 6 Parallel............. | T-T and T-B 45 89 

6 a en es ee ee 

3 Series Star.......... T-T 46 92 
3 2 Parallel Star........ T-T 47 92 
3 3 Parallel Star........ T-T 48 94 
3 Series Star.......... T-B 49 94 
3 2 Parallel Star........ T-B 50 95 
3 3 Parallel Star........ T-B 51 95 
3 6 Parallel Star........| T-T and T-B | 52 96 
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Number | Number Top to Top | Fig. No. 
of of Type of Connection or to Page No. 
Poles Phases Top to Bottom| Use 

3 Series Delta........ T-T 53 96 

3 2 Parallel Delta....... T-T 54 99 

3 3 Parallel Delta....... T-T . 55 99 

6 3 Series Delta........ : T-B 56 100 

3 2 Parallel Delta....... T-B 57 100 

3 3 Parallel Delta....... T-B 58 101 

3 6 Parallel Delta....... T-T and T-B 59 | 101 

2 DELICS une ee ees T-T 60 105 

2 2 Parallel na T-T 61 106 

2 4 Parallel............. TP 62 106 

8 2 BETICS 2-0 i. ke er T-B 63 107 

2 Prrarailelic ss cca ce.. T-B 64 107 

2 4 Parallel............. T-B 65 108 

2 8 Parallel............. T-T and T-B 66 108 

3 Series Star.......... T-T 67 111 

3 2 Parallel Star........ T-T 68 111 

3 4 Parallel Star........ T-T 69 112 

8 3 Series Star.......... T-B 70 112 

3 2 Parallel Star........ T-B 71 113 

3 4 Parallel Star........ T-B 72 113 

3 8 Parallel Star........ T-T and T-B 73 114 

3 Series Delta........ : T-T 74 114 

3 2 Parallel Delta....... T-T 75 117 

. 3 4 Parallel Delta....... T-T 76 117 

8 3 Series Delta........ ‘ T-B U7 119 

3 2 Parallel Delta....... T-B 78 119 

3 4 Parallel Delta....... T-B 79 120 

3 8 Parallel Delta.......| T-T and T-B 80 120 

2 EPICS oe ce ees T-T 81 122 

2 2 Parallel coe aates T-T 82 122 

2 OD Parallels seas ees T-T 83 124 

10 2 ericsson ro ee T-B 84 124 

2 2 Parallel ane bd T-B 85 125 

2 ov Parallelc. 2s. 52005 &: T-B 86 125 

2 10 Parallel............. T-T and T-B 87 126 

3 Series Star.......... T-T 88 129 

3 2 Parallel Star........ T-T 89 129 

3 5 Parallel Star........ a SE 90 130 

10 3 Series Star.......... T-B 91 130 

3 2 Parallel Star........ T-B 92 132 

3 5 Parallel Star........ T-B 93 132 

3 10 Parallel Star........| T-T and T-B 94 133 
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FINDING INDEX FOR CONNECTING DIAGRAMS 


Number 
of 
Phases 


Type of Connection 


Series Delta.. 
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2 Parallel Star.. 
3 Parallel Star.. 
4 Parallel Star.. 


6 Parallel Star. . 


12 Parallel Star........ 
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Series Delta.. 


2 Parallel Delta....... 
3 Parallel Delta....... 
4 Parallel Delta....... 
6 Parallel Delta....... 


Series Delta. . 
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2 Parallel Delta....... 
3 Parallel Delta....... 
4 Parallel Delta..... 


6 Parallel Delta 


12 Parallel Delta....... 
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Number | Number Top to Top | Fig. No. 
of of Type of Connection or to Page No. 
Poles | ‘ Phases Top to Bottom| Use 
3 Series Star.......... T-T 139 174 
3 2 Parallel Star........ T-T 140 174 
14 3 7 Parallel Star........ T-T 141 176 
3 14 Parallel Star........ T-T 142 176 
3 Series Delta........ ; TP 143 177 
3 2 Parallel Delta....... T-T 144. 177 
14 3 7 Parallel Delta....... ToT 145 178 
3 14 Parallel Delta....... T-T 146 178 
2 DELICS e237 Gs eee Tee 147 182 
16 3 Series Star.......... TT 148 182 
3 Series Delta........ : Tet 149 186 
2 DELICS eices brates T-T 150 190 
18 3 Series Star.......... ‘Poa 151 190 
3 Series Delta......... T-T 152 194 
2 Series.............. T-T 153 196 
20 3 Series Star.......... T-T 154 198 
3 Series Delta......... Ter 155 200 
2 SOTICS & ocean eee T-T 156 204 
22 3 Series Star.......... T-T 157 206 
3 Series Delta......... T-T 158 208 
2 DOCTICS: ce iutaca cad T-T 159 212 
24. 3 Series Star.......... T-T 160 214 
3 Series Delta........ . T-T 161 216 


FINDING INDEX FOR SPECIAL CONNECTIONS 


Number | Num- 
of ber of Type of Connection 
Poles | Phases 


Series for 12 coils only 
Series star for rotor 120 deg. lead spacing 
Series star for rotor 120 deg. lead spacing 


Series and 2 parallel, 8 leads for 4 voltages .... 
Series and 2 parallel star, 9 leads, 4 voltages... 
Series and 2 parallel delta, 9 leads, 4 voltages. . 
Series and 2 parallel, 8 leads for 2 voltages. ... 
Series and 2 parallel star, 9 leads, 4 voltages... 
Series and 2 parallel delta, 9 leads, 4 voltages. . 
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Number | Num- 
of ber of Type of Connection 
Poles | Phases 


Series star and delta, 6 leads................. 
2 parallel star and delta, 6 leads.............. 
4 parallel star and delta, 6 leads.............. 


Series star and delta, 6 leads................. 


Series delta, 4 speeds, 4 pole connections...... 
2 Parallel star, 4 speeds, 8 pole connections... . 
6 and 12 Series delta and 2 parallel star, 4 speeds, 6 and 
12 pole connections 
Controller diagram for 4 speed winding 





FiInpDING INDEX FOR CONNECTIONS OF ENDS or Groups or COILS 


End Refer 
Type of Con- Refer to Following to | Page 
Connection nec- Diagrams Table | No. 
tion 


Number of 


Poles | Phases 


Figs. 18 and 19 
Star and Delta... 20 to 23 


, 24, 25 and 28 
. 26 to 28 
. 29, 30 and 33 
. 31 to 33 
. 34, 35 and 38 
. 36 to 38 


. 39, 40, 41 and 45 
. 42 to 45 

. 46, 47, 48, and 52 
. 49 to 52 

. 53, 54, 55 and 59 
. 56 to 59 


. 60, 61, 62 and 66 
. 63 to 66 
. 67, 68, 69 and 73 
. 70 to 73 
. 74, 75, 76 and 80 
. 77 to 80 


. 81, 82, 83 and 87 
. 84 to 87 

. 88, 89, 90 and 94 
. 91 to 94 

. 95, 96, 97 and 101 
. 98 to 101 
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End Refer 
ANDERE Type of Con- Refer to Following to | Page 
Connection nec- Diagrams Table | No. 
Poles | Phases | tion No. 
12 2 T-T | Figs. 102, 103, 104, 105, 27 143 
106 and 112 
12 2 T-B | Figs. 107 to 112 28 143 
12 3 bah ore T-T | Figs. 113, 114, 115, 116, 29 151 
117 and 123 
12 3 lars T-B | Figs. 118 to 123 30 155 
12 3 Deltas sees kaos T-T | Figs. 124, 125, 126, 127, 31 161 
128 and 134 
12 3 Del ainanlntceae oe T-B | Figs. 129 to 134 32 165 
14 2 T-T | Figs. 135 to 138 33 171 
14 3 Stal a teres T-T | Figs. 139 to 142 34 175 
14 3 Deltaosee sce T-T | Figs. 143 to 146 35 179 
16 2 T-T | Fig. 147 36 183 
16 3 tahoe sees ce: T-T | Fig. 148 37 184 
16 3 Weltaive aes T-T | Fig. 149 38 187 
18 2 T-T | Fig. 150 39 191 
18 3 Star T-T | Fig. 151 40 192 
18 3 Delta T-T | Fig. 152 41 195 
20 2 T-T | Fig. 153 42 197 
20 3 URI aoe: T-T | Fig. 154 43 199 
20 3 Welt ais ase cers T-T | Fig. 155 44 201 
22 2 T-T | Fig. 156 45 205 
22 3 SUAP cere oe T-T | Fig. 157 46 207 
22 3 Delta T-T | Fig. 158 47 209 
24 2 T-T | Fig. 159 48 213 
24 3 taro sswecers T-T | Fig. 160 49 215 
24 3 Delta T-T | Fig. 161 50 217 


No. of No. of Chart to 
Poles Phases Use 


2 pole 2 phase | Chart A 
3 66 6¢ B 


2 phase T-T and T-B 


2 phase 
3 6c 
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ee D T-T ‘ T-Bstar and delta 
E 
F 





FINDING INDEX FOR CONNECTING DIAGRAMS 227 


No. of 
Phases 


2 phase 





GENERAL INDEX 


Active coils, meaning of, 15 
Advantages of short and long jumpers, 22 
All-in arrow check for 3-phase windings, 
28 
Arrangements of coils in groups, 14 
Arrows, check for 3-phase winding dia- 
- gram, 28 
direction of for 2-phase diagrams, 19 
direction of for 3-phase diagrams, 26 


C 


Changes in connections, how to find in 
tables, 2 
Changes for parallel windings shown in 
tables, 39 
Changing jumpers for different connec- 
tions, 2 
Changing series to 2-parallel, etc., 2 
Changing star to delta connection, 3 
Charts referred to in Main Table, 10 
Charts showing coil groupings, how to 
use, 7 
Check for correct 3-phase winding 
diagram, 28 
right and wrong ways, 30 
Circuits, how to find number of, 14 
Coil grouping charts and tables, how to 
use, 7 
Coil grouping, four methods for, 12 
Coil groups, examples of ways to group, 
15 
how to work out unequal groupings, 
12 
use of tags when connecting, 3 
various arrangements in groups, 14 
Coils, location of large groups in unequal 
groupings, 17 
Coils, main table for, 8 
number required in each group, 7 
Coils to be killed as shown in main Table, 
10 
Connecting coil groups, how to use tags, 3 


229 


Connecting diagrams and tables, index 
to, 221 

Connecting jumpers in 2-phase windings, 
21 

in 3-phase windings, 32 

Connection tables and diagrams, how 
used, 2 

Connections of ends of groups, index to, 
225 

Connections for 2-parallel 2-phase wind- 
ings, 23 

Connections for unequal coil groupings, 
index to information charts, 226 

Constructing and checking winding dia- 
grams for 2-phase motors, 19 

Constructing new diagrams from tables, 
39 

for 3-phase motors, 26 

Correct check for 3-phase winding dia- 

grams, 28 


D 


Delta connection, things to watch for, 4 
Delta diagrams and connecting tables for: 
2-pole, 3-phase motors, 59 
finding index for, 221 
4-pole, 3-phase motors, 79 
finding index for, 221 
6-pole, 3-phase motors, 97 
finding index for, 222 
8-pole, 3-phase motors, 116 
finding index for, 222 
10-pole, 3-phase motors, 135 
finding index for, 223 
12-pole, 3-phase motors, 159 
finding index for, 223 
14-pole, 3-phase motors, 168 
finding index for, 224 
16-pole, 3-phase motors, 180 
finding index for, 224 
18-pole, 3-phase motors, 188 
finding index for, 224 
20-pole, 3-phase motors, 196 
finding index for, 224 
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Delta diagrams and connecting tables for: 
22-pole, 3-phase motors, 204 
finding index for, 224 
24-pole, 3-phase motors, 212 
finding index for, 224 
Diagrams and connecting tables, .index 
‘to, 221 
Diagrams and connection tables, how 
used, 2 
Diagrams for 2-phase windings, construc- 
tion of, 19 
for 3-phase windings construction of, 
26 
reliable check for 3-phase windings, 
28 
Double-winding motors, 42 
how to keep horsepower constant, 43 


E 


Eight lead, 2-phase windings for two 
voltages, 25, 47, 50 
Eighteen-pole diagrams and connecting 
tables: 
finding index for, 224 
for 2- and 3-phase star and delta 
motors, 118 
Hight-pole diagrams 
tables: 
finding index for, 222 
for 2-phase motors, 102 
for 3-phase delta motors, 116 
for 3-phase star motors, 109 
Ends of groups, how to use tables when 
connecting, 39 
Ends of groups of coils, index to connect- 
ing diagrams, 225 
Equal winding, meaning of, 7 


and connecting 


F 
Four-pole diagrams and 
tables: 
finding index for, 221 
for 2-phase motors, 66 
for 3-phase delta motors, 79 
for 3-phase star motors, 72 
Four-speed motors, special diagrams for, 
42 
Fourteen-pole diagrams and connecting 
tables: 
finding index for, 223 


connecting 
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Fourteen-pole diagrams and connecting 
tables: 
for 2- and 3-phase star and delta 
motors, 168 


G 


Groups of coils, how to find number of, 14 
examples of groupings, 15 
Groups of coils, how to put arrows on 
2-phase winding diagram, 19 
on 3-phase winding diagram, 26 
Groups of coils, how to use tables when 
connecting ends of in 3-phase 
windings, 39 


I 


Index to diagrams and connecting tables, 
221 
to connections for ends of groups, 225 
to special connections, 224 
to unequal coil groupings, 226 


J 


Jumper numbers, how used, 2 
Jumpers, advantages of short and long, 
22 
Jumpers, connecting between coil ends, 3 
connections in 2-phase windings, 21 
connections in 3-phase windings, 32 


K 


Killing coils as shown in main table, 10 
examples and rules, 16 


L 


Large groups in unequal groupings of 
coils, location of, 17 
Laying out 2-phase diagrams, 19 
single line diagram for, 19 
Laying out 3-phase diagrams, 26 
single line diagrams for, 26 
Line leads, location for 2-phase windings, 
23 
Line leads, location for 3-phase windings, 
32 
four methods, 33 
Location of polephase groups of same 
phase, 5 
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Long jumpers, top-to-bottom connection, 
1 


advantages in 2-phase windings, 22 
for 2-phase windings, 21 
for 3-phase windings, 32 


M 


Main table, how to use, 7 
showing number coils per group in 
windings, 8 
Multi-speed induction motor, 
diagrams for, 43 


special 


N 
Numbers on jumpers, 2 
P 


Parallel connections how obtained from 
series in 3-phase windings, 35 

Parallel windings, changes for shown in 
tables, 39 

Parallel-delta connections, check for, 34 

' Pole-phase groups, how connected, 7 

Pole-phase groups of same phase, location 
of, 5 


R 


Reconnecting 3-phase motors, rules for, 5 

Reliable check for 3-phase diagrams, 28 

Right and left 2-parallel connection for 
2-phase winding, 25 


Right and wrong way to check 3-phase — 


diagrams, 30 
Rules for reconnecting 3-phase motors, 5 
for working out coil groups, 14 


NS 


Series and parallel 3-phase diagrams, how 
drawn, 31 
Series to 2-parallel and other changes, 4 
Short jumper, top-to-top connection, 1 
advantages in 2-phase windings, 22 
for 2-phase windings, 21 
for 3-phase windings, 32 
Single-line diagram, how to lay out for 
2-phase winding, 19 
for 3-phase winding, 26 
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Single-line diagram, how to put on 
arrows for 2-phase winding, 19 
how to put on arrows for 3-phase 
winding, 26 
Six-pole diagrams and connecting tables: 
finding index for, 221 
for 2-phase motors, 84 
for 3-phase delta motors, 97 
for 3-phase star motors, 90 
Sixteen-pole diagrams and connecting 
tables: 
finding index for, 224 
for 2- and 3-phase star 
motors, 180 
Special connections, index to, 224 
Star to delta connection, changes for, 3 
Star diagrams and connecting tables for: 
2-pole, 3-phase motors, 59 
finding index for, 221 
4-pole, 3-phase motors, 72 
finding index for, 221 
6-pole, 3-phase motors, 90 
finding index for, 221 
' 8-pole, 3-phase motors, 109 
finding index for, 222 
10-pole, 3-phase motors, 127 
finding index for, 222 
12-pole, 3-phase motors, 149 
finding index for, 223 
14-pole, 3-phase motors, 168 
finding index for, 223 
16-pole, 3-phase motors, 180 
finding index for, 224 
18-pole, 3-phase motors, 188 
finding index for, 224 
20-pole, 3 phase motors, 196 
finding index for, 224 
22-pole, 3-phase motors, 204 
finding index for, 224 
24 pole, 3-phase motors, 212 
finding index for, 224 


and. delta 


T 


Tables for connecting ends of groups, how 
to use, 39 

Tables for connections, how to use, 3 

Tables and diagrams for winding connec- 
tions, index to, 221 

Three-phase diagrams, how to lay out, 26 

series and parallel single-line dia- 

grams, 31 
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Three-phase motors, rules for reconnect- 
ing, 5 
Three-phase, two and four speed winding 
diagrams, 42 
Three-phase windings, how parallel con- 
nections are obtained from series, 
35 
Three-phase windings, location of line 
leads for, 32 
Tags, how to use when connecting coil 
groups, 3 
Top lead on left hand end of groups in 
diagrams, 2 
Top-to-bottom connection, long jumpers, 
1 
for 2-phase windings, 21 
for 3-phase windings, 32 
Top-to-bottom series diagram, how to 
check, 38 
Top-to-top connection, short jumper, 1 
for 2-phase windings, 21 
for 3-phase windings, 32 
Top-to-top series delta diagram, how to 
check, 35 
Ten-pole diagrams and connecting tables: 
for 2-phase motors, 121 
for 3-phase delta motors, 135 
for 3-phase star motors, 127 
finding index for, 222 
Twelve-pole diagrams and connecting 
tables: 
finding index for, 223 
for 2-phase motors, 141 
for 3-phase delta motors, 159 
for 3-phase star motors, 149 
Twenty-pole diagrams and connecting 
tables: 
finding index for, 224 
for 2- and 3-phase star and delta 
motors, 196 
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Twenty-two pole diagrams and connect- 
ing tables: 
finding index for, 224 ; 
for 2- and 3-phase star and delta 
motors, 204 
Twenty-four pole diagrams and connect- 
ing tables: 
finding index for, 224 
for 2- and 3-phase star and delta 
motors, 212 
Two in and one out check for 3-phase 
diagrams not reliable, 26 
Two-parallel connections, how drawn for 
2-phase windings, 23 
Two-phase diagrams, how to lay out, 19 
Two-phase, two and four speed winding 
diagrams, 42 
Two-phase windings, connecting jumpers 
in, 21 
two-parallel connections, 23 
Two-phase windings, line leads for, 23 
Two-pole diagrams and connecting tables: 
finding index for, 221 
for 2- and 3-phase star and delta 
motors, 59 
Two-speed motors, special diagrams for, 
42 


U 


Unequal coil groupings, index to infor- 
mation charts, 226 
Unequal coil groups, how to work out, 12 
methods of arranging, 12 
Unequal groupings of coils, locating 
_ large groups in, 17 
form to use, 18 


W 


Winding diagrams, construction and 
checking of, 19 


